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MATLAB" 


High-Performance 
Numeric Computation 
and Data Analysis 

M ATLAB has rapidly become an 
industry standard for engineer¬ 
ing and scientific research. Its unique 
interactive interface, algorithmic foun¬ 
dation, easy extensibility, and speed 
make MATLAB the software system of 
choice for high productivity and high 
creativity research. 

P Iroblems and solutions are expressed 
just as they are written mathemat¬ 
ically— without the need for traditional 
programming. As a result, you can 
solve numerical problems in a fraction 
of the time required to write a program 
in Fortran, Basic, or C. Then plot the 
results as 2-D and 3-D graphics, with 
publication-quality output to plotters, 
dot-matrix printers, and laser printers. 


“/ can create algorithms so 
easily that it almost seems 
like cheating.” 

Personal Engineering & 
Instrumentation News 


A dd to MATLAB your choice of tools 
for digital signal processing, 
system identification, control system 
design, and more. MATLAB’s open- 
system design lets you see the algorithms 
and the implementations, even change 
them to suit your specific requirements. 

M ATLAB is developed by The 
MathWorks, a leader in software 
for data analysis and mathematics. Our 
users—in thousands of companies and 
universities — know that MATLAB 
enables them to work more creatively 
and productively. Take a look at how 
MATLAB can do the same for you. 



Over 300 Built-In Functions 


• eigenvalues 

• matrix arithmetic • filtering 

• matrix decompositions • curve fitting 

• convolution • cubic splines 

• spectrum estimation • Bessel functions 

• complex arithmetic • elliptic functions 


Plus Toolboxes for: 

• digital signal processing • control system design 

• parametric modelling • chemometric analysis, and more 


''MATLAB is 
the undisputed 
choice for 
computation¬ 
intensive 


1 -D and 2-D FFTs • nonlinear optimization 
linear equation solving 
differential equations 
polynomial arithmetic 
descriptive statistics 
2-D and 3-D graphics 


MATLAB’s 
power and 
ease of use go 
a long way 
toward taking 
the drudgery 
out of 
repetitive 
analysis 
projects.” 


I 
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Computers 

supported 

PCs and ATs 
386-based PCs 
Macintosh 
Sun 
Apollo 
HP 9000/300 
DECstation 
VAX/VMS 
VAX/Ultrix 
Stardent 
Convex 
Encore 
Alliant 
Cray 
and more 


To find out more about MATLAB, call us at (508) 653-1415. 
Or simply return the completed coupon to the address below. 
Dealer inquiries are invited. Please call (508) 653-1415 x439. 

I-1 

I Name _ | 

I Company - I 

I Department _ 

I Address - i 

I City, State - | 

I Zip _ Country _ | 

I Telephone - ' 

. Computeris) _ . 


The Cochituate Place, 24 Prime Park Way 

MATH Natick, MA 01760 

"WORKS Tel: (508) 653-1415 

4 ^Inc;: >o Fax (508) 653-2997 
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LANNET II.5 
Local Area Networks 



COMNET II.5 
Wide Area Networks 



New for local or wide area 
network analysts 

Free trial and, if you act now, free training 


L ANNET II.5 uses simulation to predict 
your LAN performance. You simply 
describe your LAN and workload. 

Animated simulation follows immediately 
-no programming. 

Easy-to-understand results 

You get an animated picture of your LAN. 
System bottlenecks and changing levels of 
utilization are apparent. 

Your reports show LAN statistics such as 
transfer times, delays, and queues. Client, server, 
and gateway statistics show queue lengths, 
waiting times, and messages sent. 

Your LAN simulated 

You can predict the performance of any LAN. 
Industry standard protocols such as Ethernet, 
Token Ring, Token Bus, FDDI, and lOBase-T 
are built-in. Variations can be modeled. 


C OMNET 11.5 uses simulation to predict 
your network performance. You simply 
describe your network, traffic load, and routing. 

Animated simulation follows immediately 
-no programming. 

Easy-to-understand results 

You get an animated picture of your network. 
Routing choices and changing levels of network 
utilization are apparent. 

Your reports show response times, blocking 
probabilities, call queueing and packet delays, 
network throughput, circuit group utilization, 
and circuit group queue statistics. 

Your network simulated 

You can include LAN’s and multidrop lines in 
your model. X.25, SNA, DECnet, ISDN, SS7, 
fast packet, TCP/IP, token passing, and 
CSMA/CD are easily modeled. 


Free Trial Offer 

The free trial contains everything you need to 
try LANNET 11.5™ or COMNET 11.5® on 
your PC, Workstation, or Mainframe. Act now 
for free training-no cost, no obligation. 

For immediate information 

For LANNET 11.5 call Eric Chapman, or for 
COMNET 11.5 call Chris LeBaron, at (619) 
457-9681, Fax (619) 457-1184. In Europe, call 
Nigel McNamara, in the UK, on 0276 671 671, 
Fax 0276 670 677. In Canada, call Peter Holt on 
(613) 782-2474, Fax (613) 782-2202. 

University faculty should call about our 
special offer for research and teaching. 


Rush free trial and training information for: 
□ LANNET II.5 □ COMNET 11.5 





LANNET 11.5 is a trademark ; 


y. COMNET II.5 is a registered i 


rk of CACI Products Company. ©1992 CACI 


; Company. 



























Presents 


The LiSBUS" Async I/O System 


A solution of the 1990’s for today’s data transmission problems. 


Outstandingly Simple and Reliable because LiSBUS"" is 
based on a breakthrough technology which uses the impe¬ 
dance of the bus cable to replace binary addresses. Conse¬ 
quently, data transmission management is greatly simpli¬ 
fied and much more reliable than today's equivalent sys¬ 
tems which require expensive software, hardware, and 
personnel investments. 

Outstandingly Practical because it is easy to install and 
operate. No special tools, workbench, or electronics exper¬ 
tise are needed. Anyone can be up and running in minutes. 
Just plug in the external modules and configure the system 
with the user-friendly LiSBUS*"' Link Control Software. 
Each external module measures only around 2in. by 2in. 


amount. The Starter Pack includes all the user needs to 
connect four peripherals and a complete set of LiSBUS"” 
Software Development Tools to create custom applica¬ 
tions. 

LiSBUS"" Async I/O System; A product of our CommNexus'” line of 
communication systems. GIGATEC is committed to offering products 
and servicing its customers in the best tradition of Swiss quality. We 
provide our customers with: 

• Technical Support. Registered buyers can obtain technical support 
from our qualified engineers. 

• Users and Developers Group. Organized for encouraging software 
developments using the products of the CommNexus"" family. 

For more information and ordering contact: 

In the USA and Canada: In Europe: 


Outstandingly Flexible because a user can connect up to 
60 peripherals or computers to a controlling computer 
through their RS-232C (COM) ports. To add peripherals, 
just extend the bus cable and add modules. 

At an Unbeatable Price because at $650* for the LiSBUS"" 
Starter Pack, no alternative offers all these advantages 
combined into one product without spending a much higher 


Toll Free (800) 945-3002 

(excl. Hawaii) 

Mon.-Fri. 9am - 9pm EST 

GIGATEC (USA). Inc. 

871 Islington Street 
P.O. Box 4705 

Portsmouth, NH 03802-4705 USA 
Tel. (603) 433-2227 
Fax (603) 433-5552 


* specifications and prices subject to change without prior notification 


GIGATEC SA 

Ch. des Plans-Praz 

1337 Vallorbe SWITZERLAND 

Tel. 41 21 843 37 36 

Fax 41 21 843 33 25 
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Newk^ 


MAR 11. IBM Corp. said it would 
set up an independent subsidi¬ 
ary to sell an inexpensive clone 
of its PCs in Europe. The IBM 
name or logo will not be used on 
the machine. Last October IBM 
set up a similar venture with 
Hong Leong Corp., a trading 
company in Singapore, which 
has begun selling a low-end IBM 
PC in Southeast Asia. 

MAR 11. Micron Technology 
Inc., Boise, Idaho, the 10th larg¬ 
est U.S. semiconductor produc¬ 
er, said it had written to U.S. in¬ 
dustry executives, urging suRxrrt 
for a congressional bill propos¬ 
ing an immediate 14 percent im¬ 
port tariff on chips from coun¬ 
tries that have failed to open 
their markets fully to U.S. cWps. 
Micron’s dumping suit against its 
Japanese competitors in the mid- 
’80s led to the first U.S.-Japan 
semiconductor trade pact. 

MAR 12. Silicon Graphics 
Inc., Mountain View, Calif., said 
it would buy MIPS Computer 
Systems Inc., Sunnyvale, 
Calif., a leader in reduced-in¬ 
struction-set computing (RISC) 
ICs. Silicon Graphics, the lead¬ 
ing maker of workstations with 
3-D graphics, said the combined 
company—expected to total 
nearly US $1 billion in armual 
revenues—will aim to establish 
MIPS’s RISC technology as an 
alternative to Intel Corp.’s 
microprocessors. 

MAR 12. The Federal Commu¬ 
nications Commission, 
Washington, D.C., said it would 
more than double the number of 
radio stations that a single com¬ 
pany may own—from 12 to 30— 
and would also allow a single 
owner as many as three AM and 
three FM stations in a single 
city. The ruling drew criticism 
that the changes will force many 
mom-and-pop broadcasters out 
of business arid lessen the diver¬ 
sity of U.S. programming. 

MAR 13. Philips NV, Eind¬ 
hoven, the Netherlands, said it 
would form a joint venture with 


Motorola Inc., Schaumburg, 
Ill., aimed at supporting the 
manufacture of chips for 
Philips’s interactive multimedia 
consumer electronics unit, 
called compact-disc interactive 
(CDD. The price of CDI is ex¬ 
pected to fall sharply over the 
next few years. 

MAR 16. The Federal Aviation 
Administration, Washington, 
D.C., said it awarded MCI Com¬ 
munications Corp., McLean, 
Va., a 10-year $558 million con¬ 
tract to provide long-distance 
service in a new network link¬ 
ing the nation’s air traffic control 
system. The network will be 
designed to prevent the kind of 
outage that occurred last Sep¬ 
tember when equipment failure 
in New York City jammed AT&T 
Co.’s long-distance network. 

MAR 17. Researchers at Penn¬ 
sylvania State University in 
University Park said they had in¬ 
vented a metal-carbon com¬ 
pound likely to have magnetic 
and electrical properties of use 
for new electronic materials. 
The molecule contains eight 
atoms of titanium and 12 atoms 
of carbon, which seem to form 
a hollow, roughly spherical mol¬ 
ecule with 12 pentagon-shaped 
faces—a structure apparently 
similar to that of soccerball¬ 
shaped carbon “buckeyballs.” 

MAR 16. Toshiba Corp., Tokyo, 
said it had developed a new X- 
ray machine that can produce 
images in about 10 seconds with 
less than one-tenth the normal 
X-ray dose and no film. The 
company said the equipment is 
the first to print X-ray images on 
plain paper in a quasi-photocopy 
process. 

MAR 16. Researchers at the 
University of Pennsylvania, 
Philadelphia, and Ohio State 
University, Columbus, report¬ 
ed that they have increased by 
a factor of 10 the amount of elec¬ 
tricity a conducting plastic will 
carry. Small crystalline centers 
formed within a conducting plas¬ 


tic called polyaniline cause the 
molecules to align so that elec¬ 
trons can easily hop between 
them. Among potential applica¬ 
tions is shielding equipment 
from electromagnetic inter¬ 
ference. 

MAR 24. Microsoft Corp., Red¬ 
mond, Wash., said it would buy 
Fox Software Inc., Perrys- 
buig, Ohio, a provider of data¬ 
base software, in a stock swap 
valued at $173 million. The pur¬ 
chase includes Fox’s Foxpro 
package and puts Microsoft into 
the one big area of the PC soft¬ 
ware business in which it had not 
yet participated. 

MAR 25. The Swiss-Swedish 
Asea Brown Boveri (ABB), 
Zurich, and Japan’s Marubeni 
Corp., Osaka, said they had 
signed a pact with Perusahaan 
Umum Listrik Negara 
(PLN), the Indonesian state 
electricity company, to build the 
$684 million Tanjung Priok 
power station. Construction of 
the 1180-MW combined-cycle 
(gas and steam) plant is to begin 
this spring. 

MAR 25. Space program officials 
in Moscow said that Russian 
astronaut Sergei Krikalev 
had returned to earth after 313 
days on the Mir space station. 
He stayed five months longer 
than intended because of the 
breakup of the Soviet Union and 
lack of money in Moscow. 

MAR 26. Motorola Inc., 

Schaumburg, Ill., said it will let 
cellular-phone operators use its 
closely guarded technology for 
tying computers into mobile- 
data networks. Until now. 
Motorola granted access to its 
Ardis computer-data network 
only to its own subscribers. The 
company will also let others use 
its packet-data system technol¬ 
ogies so that carriers may offer 
computer-data as well as voice 
services. 

MAR 27. The Bush adminis¬ 
tration announced it had 


cleared the way for the U.S. pur¬ 
chase of several key technolo¬ 
gies from the former Soviet 
Union. Included are a Russian 
Topaz 2 nuclear reactor for 
space power, four Hall thrusters 
for moving objects in space, and 
plutonium-238 to build nuclear 
batteries for a new generation of 
deep-space probes. 

MAR 36. Texas Instruments 
Inc., Dallas, said it had agreed 
to produce a new micropro¬ 
cessor chip designed by Cyrix 
Corp., Richardson, Texas, and 
market it under the TI name. 
Cyrix said the CX4868SLC, a 
hybrid of Intel Corp.’s 386 SX 
and 486, performs nearly as 
well as Intel’s 486SX but sells 
for much less— $119 vs. $200- 
$300. Cyrix’s chips are also 
made by French-Italian SGS- 
Thomson Microelectronics 
NV, which has a license to use 
Intel patents, as does TI. 

APR 2. AT&T Co. announced a 
three-chip coder-decoder that 
wiU allow people in different cit¬ 
ies to see and talk to each other 
over their PCs. The company 
said the $400 AVP-lOO could 
break a cost barrier excluding 
videoconferencing from the 
lucrative mass market. 

APR 2. The space shuttle At¬ 
lantis returned to earth after 
circling the globe 142 times in 
nine days while its crew studied 
the chemistry and physics of the 
earth’s upper atmosphere, a 
program known as Mission to 
Planet Earth. 

Preview: 

MAY 7. The space shuttle En¬ 
deavor, NA^’s $2 billion re¬ 
placement for the Challenger, 
is to be launched from the 
Kennedy Space Center, Cape 
Canaveral, Fla. Its mission will 
be to attach a booster motor to 
a three-year-old Intelsat tele¬ 
phone satellite—now in a decay¬ 
ing orbit—and relaunch it into a 
higher orbit. 


COORDINATOR: Sally Cahur 
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PERSPECTIVE 


22 IC voltage dives 

By BETTY PRINCE and 
ROELOF H.W. SALTERS 
The 5-V supply is losing ground. To 
permit higher circuit densities and 
extend battery life in portable 
equipment-like the GRID Systems 
PaImPAD computer strapped to an 
inventory clerk's arm (below)-the chip 
industry is turning to a 3.3-V standard. 


APPLICATIONS 


2 6 ASIC testing 

By MARC E. LEVIH 
Developing tests to ensure the quality of 
application-specific ICs (ASICs) can eat 
up as much as 30 percent of the time it 
takes to get the design into production. 
Because profits are lost when it takes 
too long to get an ASIC-based product 
to market, engineers are turning from 
traditional test methodologies to less 
conventional, time-saving approaches. 



30 Seeing in the dark 

By WILLIAM P. McCRACKEN 

Analog CCD circuitry for processing the output of linear infrared detector arrays is making 
thermal imaging systems both more rugged and more sensitive This picture was taken in 
total darkness by a Serial Technology Advancement-Forward Looking Infrared (STA-FLIR) 
system, which uses custom CCD video processing circuitry. 


ADVANCED TECHNOLOGY H SYSTEMS 


36 Distributed 
computing 

By DOUGLAS HARTMAN 
Computer users today are demanding 
interoperability among heterogenous 
systems. The Distributed Computing 
Environment software, under 
development by the Open Software 
Foundation, is responding by focusing 
on diversity, security, and growth. 


PROFILE 


40 Elizabeth Laverick 

By GLENN ZORPEHE 
Elizabeth Laverick’s contributions to 
microwave and radar development 
earned her the admiration of colleagues, 
and top management positions in some 
of the largest military electronics 
companies in Great Britain. Today, she 
strives to help more young women find 
similar success. 


44 Surviving hell 
and high water 

By MARVIN KURLAND 


Much electric and electronic equipment 
ravaged by fire, smoke, or flood can be 
cleaned and made to work reliably again 
at a fraction of replacement cost. 
Moreover, a few design principles go a 
long way in helping equipment survive 
disaster and ease its reclamation. 
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FOR THE RECORD 


43 Birth of a laser 

By GEORGE LIKOUREZOS 
Arthur Schawlow's key contributiorr to 
the invention was his insistence on 
seiecting a single radiation mode and 
suggesting how to do it by shaping the 
resonator cavity. His primary interest was 
using iasers in spectroscopy, which won 
him a Nobel Prize. 


PROFILE 


48 Nokia’s rising star 
flickers 

By FRED GUTERL 




-tm-m 


The Finnish company metamorphosed 
from a low-tech supplier of rubber, 
paper, and cable into a key player in 
celluiar phones, telecommunications, 
and TV manufacture (above). It is betting 
that the expertise of its designers and 
engineers will keep it in the vanguard. 
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21 Feedback 

By DONALD GHRISTIANSEN 
Readers report generaiiy strong support 
for Spectrum's coverage, but add advice 
in their responses to our March survey. 
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Books 

Technically speaking 
Reflections 
Faults & Mures 
Reader guide 
Software reviews 
EEs’ tools & toys 
Scanning the institute 
Coming in Spectrum 

Cover: The changes now under way 
in 1C supply voltages are illustrated in this 
conceptual cover by designer Gus Sauter. The 
drawing shows 3.3 V in the ascendant as 5 V 
fades into the background. But what’s that in 
the foreground? See p. 22. 
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Beyond reality 

I really enjoyed Robert W. Lucky’s ‘ ‘What’s 
real anymore?” [November, p. 6]. I was a 
defector from the family line of chemists and 
chose EE in the days when hardware was 
hardware. 

One time, a few years back, I was trouble¬ 
shooting an I&Q correlator for some radar 
system. Yes, I knew about in-phase and 
quadrature sampling, analog-to-digital con¬ 
version, and phasor diagrams, but I still 
caught myself staring into the circuit boards 
and wondering ‘ ‘where those little spinning 
arrows” went... 

John D. Fogarty 
Columbia, Md. 


Kilowatthours vs. joules 

On p. 18 [third column, second paragraph] 
of the March 1991 issue, the author says 
‘ ‘The package will produce 100 kW continu¬ 
ously, for seven years or for a total of over 
22 GJ.” The 22 is correct, but the GJ 
(gigajoules) should be TJ (terajoules), a 
difference of 1000. Mega, giga, tera—it 
would have been better to use kilowatthours 
(kWh). 

James H. Skog 

Seattle, Wash. 

Reader Skog is right. A 100-kWpower source 
running continuously for seven years will 
produce 22 terajoules (22 x lO'^ joules). 
The metric practice adopted by the IEEE 
recognizes that the unit “kilowatthour” 
might be retained for a time because of its 
wide use; however, the joule is the unit ac¬ 
cepted in the international system of units, 
or SI. -Ed. 


EMF on computer 

In the November 1991 issue, ‘‘Simulating 
EM fields” by Daniel G. Swanson Jr. drew 
my attention because of my 25 years of ex¬ 
perience in this domain and my links with 
the IEEE Ma^etic Society. 

I was very disappointed by this paper for 
two reasons: first, the analysis omitted the 
capabilities of pre- and postprocessors and 
the low-frequency range; the second one is 
the xenophobic aspect of the report on 
representative software. As a matter of fact, 
many specifically U.S. packages, generally 
unknown by the scientific community, are 
mentioned, while some famous leading soft¬ 
ware [packages] like Tosca (distributed by 
Vector Fields) or FLUX3D (distributed by 


Cedrat and Magsoft) or Mega (Bath Univer¬ 
sity) are not. 

J. Sabonnadiere 

Saint Martin d’Hires, France 

The author responds: 

My article was not intended to be an all- 
inclusive review of electromagnetic field 
analysis, and I am sorry if readers received 
that impression. In the limited space al¬ 
lowed, I chose to focus on RF/microwave 
and high-speed digital applications. My pur¬ 
pose was to make working engineers aware 
of new software tools that could help them 
compete in today’s global market. In the 
body of the article, I did not discuss low- 
frequency electrostatics and magnetostatics, 
accelerator physics, antennas, radar cross 
section, or many other areas where numer¬ 
ical codes are of interest. 

I am afraid “xenophobic” is a rather 
strong term when applied to a vendor list 
that included two Canadian and one German 
firm. I am aware of the Tosca code, and I 
apologize to Vector Fields for not including 
them. I could have also included Mafia, 
Argus, SOS, Poisson, Superfish, NEC, ESP 
... a complete list would fill several pages. 


Puzzle picture 

On p. 37 of the December issue [“IEEE’s 
Posix: making progress” by D. Richard 
Kuhn], the screen appears to show Fortran 
code, but the caption says it was written in 
ANSI C. What was the author’s intent? 

Darrell Call 
Los Alamos, N.M. 

The author responds: 

The picture shows the output of a tool that 
analyzes Fortran program source code using 
a technique called “slicing,” which is ex¬ 
plained in the photo caption. As noted in the 
caption, the data flow and slicing code (that 
is, the tool itself) was written in ANSI C. I 
apologize for any misunderstanding. 


More light on photonics 

As vice president for sales and marketing of 
Astarte Fiber Networks Inc., I would like to 
point out an omission in H. Scott Hinton’s 
chart on p. 45 of the February issue 
[‘ ‘Switching to photonics’ ’], as well as in his 
implications about other sources of photon¬ 
ic switches. 

Astarte Fiber Networks has photonic 
switches installed at customer locations in 
the United States, Europe, and Australia. 
These photonic matrix switches offer: pho¬ 


tonic connectivity without electronic conver¬ 
sion, compatibility with network standards, 
and the ability to accommodate transmission 
bandAvidths in excess of 10 GHz. Addition¬ 
ally, Astarte offers switching matrices up to 
64 input fibers to 64 output fibers, which is 
over four times the capacity of any of the 
switches outlined in the article. 

Astarte is currently shipping and install¬ 
ing systems to connect some of the more ad¬ 
vanced optical-fiber networks around the 
world. Applications include FDDI intercon¬ 
nection, flight simulators, computer-to- 
computer networking, and telephony. 

Ken Garrett 
Boulder, Colo. 


Fair values 

The Potavin and Harvey letters [April, p. 6] 
discussed a purported lack of balance in the 
profiles of eight iimovators. I have long 
hoped that our society would reach a point 
where individuals would be judged solely on 
their abilities and achievements. However, 
replacing outdated values that inhibited or 
devalued the accomplishments of certain 
groups (such as minorities or women) with 
a new system that inhibits or devalues the 
accomplishments of other groups (such as 
white or Asian males) is merely Ae replace¬ 
ment of one despot with another. 

Herbert E. Kook Jr. 

Clinton, Miss. 


Credit where It’s due 

We inadvertently omitted to name the pho¬ 
tographer responsible for the picture of the 
assemblage on the cover of the April issue. 
He is Chuck Kintzing. —Ed. 


Conemion 

On p. 20 of the February issue, the caption 
erroneously states that the European Space 
Agency’s proposed European Remote Sens¬ 
ing Satellite ERS-1 is shown over Arctic ter¬ 
rain. In fact, the satellite is superimposed 
on a photograph of a massive iceberg near 
the Ross Ice Shelf in Antarctica. —Ed. 


Readers are invited to comment in this department 
on material previousiy pubiished in IEEE Spectrum: 
on the policies and operations of the IEEE; and on 
technical, economic, or sociai matters of interest to 
the eiectricai and electronics engineering profession. 
Short, concise ietters are preferred. The Editor 
reserves the right to iimit debate on controversiai 
issues. Contacts: Forum, IEEE Spetirum, 345 E. 47th 
St., New York, N.Y 10017, U.S.A.; fax, 212-705-7453. 
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Calendar 


Meetings, Conferences and Conventions 
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Electro ’92 (Region 1 et al.): May 12-14; 
Hynes Convention Center, Boston; Elec¬ 
tronic Conventions Management, 8110 Air¬ 
port Blvd., Los Angeles, Calif. 90045; 213- 
215-3976; 800-877-2668. 

International Symposium on Semicon¬ 
ductor Manufactiuing Technology— 
ISSMT ’92 (ED); May 14-15; The Hotel 
New Otani, Tokyo, Japan; Tadahiro Ohmi, 
Department rf Electronics, Tohoku Univer¬ 
sity, ASA-Aoba, Aramaki, Sendai 980, Japan; 
fax, (81-t-022) 224 2549. 

Symposium on Worldwide Advances in 
Conmumication Networks (COM); May 
14-15; George Mason University, Fairfax, 
Va.; Telecommunications Laboratory, ECE 
Department, George Mason University, 
Fairfax, Va. 22030-4444; 703-993-1566; fax, 
703-993-1521. 

42nd Electronic Components and 
Technology Conference (CHMT); May 
18-20; Sheraton Harbor Island Hotel, San 
Diego, Calif.; Peter J. Walsh, Electronic In¬ 
dustries Association, 2001 Pennsylvania 
Ave., N.W., Washington, D.C. 20006-1903; 
202457-4932. 

National Aerospace and Electronics 
Conference (AES, Dayton Section); May 
18-22; Dayton Convention Center, Dayton, 
Ohio; Sue Brown, ASD/ENES, Wright- 
Patterson Air Force Base, Ohio 45433-6503; 
513-255-6281. 

National Telesystems Conference (AES, 
NCAC); May 19-20; George Washington 
University, Ashbum, Va.; Elena Jurgela, 
(Jeorge Washington University Dept, of En¬ 


IEEE members attend more than 50001EEE 
professional meetings, conferences, and con¬ 
ventions heldthroughoutthe world each year. 
Formoreinformationon any meeting in this 
guide, write or call the listed meeting contact. 

I nformation is also available from: Conference 
Services Department, I EEE Service Center, 
445 Hoes Lane, Box1331, Piscataway, N.J. 
08855; 908-562-3878; submit conferences 
for listingto: Ramona Foster, lEEESpectrum, 

345 E. 47th St., New York, NY 10017; 212-705-7305. 

For additional information on hotels, conference 
centers, and travel services, see the Reader 
Service Card. 
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gineering, 20101 Academic Way, Suite 227, 
Ashbum, Va. 22011; 703-729-8250. 

Fourth International Symposium on 
Power Semiconductor Devices and ICs 
(lEE Japan, ED); May 19-21; Waseda 
University, International Conference Cen¬ 
ter, Shinijuki-ku, Tokyo; Hiromichi Ohashi, 
Electron Devices Laboratory, Toshiba R&D 


Center, 1, Komukai Toshiba-cho, Saiwai-ku, 
Kawasaki 210, Japan; (81-1-44)549 2063. 

36th International Symposium on 
Electron, Ion, and Photon Beams (ED); 
May 26-29; Peabody Hotel, Orlando, Fla.; 
Randy Kubena, Hughes Research Labora¬ 
tories, 3011 Malibu Canyon Rd., Malibu, 
Calif. 90265; 310-317-5423. 



SuperKit: When Development Time 
is as Critical as Compute Time 

SuperCard i860-based vector processors are superfast, more than 2.5 
GigaFLOPS of raw multiprocessor power, but then you’d expect that. The real 
news is SuperKit, a robust software toolkit which cuts development time to 
the bone and gets you up and running superfast. 

Fortran, C and ADA compilers... the industry’s largest scientific subroutine 
libraries... diagnostics aplenty... a pSOS-i- real-time kernel running in a UND(- 
like environment... CASE tools... and much more. 

And talk about versatility... from 6U VME boards to fully packaged multi¬ 
processor systems to MIL spec units... large memories... peripheral I/O 
mezzanine boards... SuperCard has it all. 

Find out how you can benefit from SuperCard and SuperKit solutions just 
right for you. Call or write CSPI, 40 Linnell Circle, Billerica, MA 01821. 
1-800-325-3110. Or 617-272-6020. Fax: 508-663-0150. 

CSPI 
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• Driver software for DOS, Windows 3, and 
Macintosh included with plug-in boards 
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Seeing earth from 
a different perspective 

Joanne Irene Gabrynowicz 

are the conceptual tools used to describe 
historical events. Descriptions of relation¬ 
ships, community identities, dynamics, sub¬ 
jective perspectives, and story-telling all 
raise the book’s subject matter above the 
often mind-numbing accounts of technolo¬ 
gy projects that rely on indecfoherable acro¬ 
nyms, “specs,” codes, numbers, and tech¬ 
nical jargon. 

One of the most effective conceptual tools 
used by Mack is contextual analysis. Often, 
analyses of technological programs focus on 
changes made at various stages of research, 
design, or development, and the subsequent 
chain of cause-and-effect events is consid¬ 
ered to have come from those changes. The 
impression is given that a technology’s life 
span is a linear event traceable from point 

A to point B, and that finding vdiere a change 
in direction occurred merely requires plot¬ 
ting a series of points. 

In fact, there are myriad nonlinear and 
coexisting political, economic, and social 
forces at play in any technology’s develop¬ 
ment. Some, at times, are more dominant 
than others, and often they exchange posi¬ 
tions of influence. By describing the ‘ ‘inter¬ 
action of technology and context, ’ ’ Mack al¬ 
lows the reader to observe more clearly the 
dynamic relationships among the various in¬ 
dividuals and bureaucracies that attempted 
to carry out their own particular interests 
while helping to develop Landsat. 

Mack also uses three types of voices in 
her account, shattering the illusion that offi¬ 
cial technological opinions are monolithic 
pronouncements. Agency leaders are distin¬ 
guished from departments and centers, and 
agencies are distinguished from the execu¬ 
tive office of the President. 

In addition to its novel approach, this book 
offers some substantive lessons. Foremost 
among them is that a coherent U.S. space 
policy is, in fact, nonexistent. Policy is for¬ 
mulated by wMchever interest group or 
groups happen to prevail in the complex 
competition to control a technology’s de¬ 
velopment. As it affects Mack’s subject— 
Landsat—this deplorable situation is partic¬ 
ularly significant now. 

Landsat satellites are essential to provid¬ 
ing a comparative database for the soon-to- 
be-launched Earth-Observing System and 
other enviromnental monitoring satellites, 
rsfoich will provide information for policy de¬ 
cisions with consequences that will last for 
decades. Currently, such precedents as the 
cost of Landsat data and its availability to di¬ 
verse users are at the heart of debates in 
Congress, the National Space Council, 
NASA, the Department of Defense, and the 
scientific community. 

(Continued onp. 12) 


Winston Churchill, a statesman known for 
his far-reaching vision, believed that “the 
farther backward you can look, the farther 
forward you are likely to see.” This is as 
true of technological change as it is of 
momentous political decisions. In fact, the 
former is increasingly becoming the cause 
of the latter. 

In this book, Pamela E. Mack takes the 
reader back to the 1950s, which, historical¬ 
ly speaking, was to satellite development 
what the Renaissance was to today’s nation¬ 
state system. That vantage point helps the 
author clarify the reasons for the choices 
made in the development of the Landsat sys¬ 
tem. Examining technological development 
from the perspective of a historian is some¬ 
thing the technological, scientific, and po¬ 
litical communities ought to do often, and 
this book is a good place to start. 

Mack’s productive and provocative focus 
is the role of interest groups in shaping tech¬ 
nological change. It demonstrates the impor¬ 
tance of recognizing the human side of tech¬ 
nology, and also begins to grapple with a 
complex situation and expand the inquiry 
to include culture and politics as well as 
science and technology. 

First launched in 1972, the satellites in the 
Landsat system were the first source of 
nearly standardized, continuous land 
remote-sensing data. In helping to develop 
Landsat, each of the public sector organiza¬ 
tions involved—the National Aeronautics and 
Space Administration (NASA), the U.S. Geo¬ 
logical Survey, the departments of Defense, 
Commerce, Interior, Agriculture, and the 
Office of Management and Budget—has a 
fully developed distinct culture based on its 
own specific mission and degree of political 
and financial support. The author describes 
the viewpoints of each of these cultures, and 
shows how making technology programs via¬ 
ble takes an intricate blend of science, strate¬ 
gies, policies, perceptions, engineering, ex¬ 
perimentation, and quite often, luck. 

What I appreciated most about the book 
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Books 

(Continued from p. 8) 

Mack also covers a related lesson: that 
technology development is not necessarily 
driven by how a technology will be used; 
different drivers result in different degrees 
of effectiveness. The spectrum of possibili¬ 
ties runs from ‘ ‘a new technology that sim¬ 
ply responds to recognized needs [and] is 
likely only to be a small advance.. .[to].. .a 
new technology developed because it is 
technically exciting rather than because it 
meets a need [and] is likely to be an expen¬ 
sive failure.” 

This analysis underscores the necessity 
for policymakers to raise questions of 
purpose—asking, for example, why a tech¬ 
nology should be pursued and what good it 
is intended to achieve. Members of the Na¬ 
tional Space Council, who are responsible 
for articulating a national remote-sensing 
policy, would do well to read this book. 

Arwther of the book’s lessons is that sub¬ 
jectivity, communication, and language 
directly affect the success of a technology. 
This is so, according to the author, because 
different groups involved in technological 
change have ‘ ‘radically different’ ’ perspec¬ 
tives on a technology. Thus, a technology 
is ‘ ‘socially constructed’ ’ rather than created 
on the basis of its ultimate use. 


Overall, this book will prove valuable to 
anyone interested in learning more about the 
process of technological development in the 
United States in general and Ae develop¬ 
ment of the Landsat system in particular. 

Joanne Irene Gabrynowia is an attorney and associ¬ 
ate professor in the space studies department at the 
University of North Dakota in Grand Forks. She 
teaches domestic and international space law and 
policy, including a course titled "Remote Sensing 
Law and Micy." Her commentaries on remote sens¬ 
ing law and policy have appeared in Space News 
and other publications. 


Books in brief 

The McGraw-Hill Encyclopedia of 
Science and Technology (7th edition). 
Parker, Sybil P, Editor-in-Chief, McGraw- 
Hill, New York, 1992, 13 450 pp., $1700 
(until June 30; $1900 thereafter). 

Is there any such thing as an unbreakable 
cipher? How many atoms of element 109 
have been produced? What is the largest 
oasis in the Sahara desert? 

If these kinds of questions have ever given 
you pause, this encyclopedia may be just 
what you need. First puHished in 1960, it has 
become the largest and most widely used 
reference of its kind. Although most of its 


entries are written by experts (including 21 
Nobel laureates), all are intended to be un¬ 
derstandable to the student or layperson, as 
well as useful to the specialist. 

Computer science, electronic circuits, 
solid-state physics, radio, telecommunica¬ 
tions, control systems, and electromagnet¬ 
ic radiation and optics are among the ency¬ 
clopedia’s 81 major subject areas. Entries 
new to the seventh edition are in such areas 
as bioelectronics, buffers, chaos, fuzzy logic, 
lidar, magnetic levitation, neural networks, 
and power integrated circuits. Of the 7500 
articles in the latest edition, 230 are new, 
700 were rewritten, and 800 were exten¬ 
sively revised. 

There are also nearly 2000 additional il¬ 
lustrations, over and above the 11 000 that 
have appeared in previous editions. Among 
the new full-color photographs are striking 
views of Neptune as seen by Voyager and 
Venus as seen by Magellan. All told, there 
are 15 new pages of color photography 
among the 81 total pages of color photos. 

For those still puzzling over the questions 
posed above, the answers, according to the 
seventh edition, are: yes, one, and Talfilalet, 
Morocco (518 lorf). Contact: McGraw-Hill 
Inc., Attn.: Joanne Widmer, Blue Ridge 
Summit, Pa. 17294-0850; 800-262-4729. 


COORDINATOR: Glenn Zorpette 


Amajor advance in computational electromagnetics: 
MSC/EM&Vecsion2.0 



Since 1989, MSC/EMAS has been the 
benchmark for two- and three-dimensional 
finite element analysis. Now, with 
the release of MSC/EMAS 
Version 2.0, The MacNeal- 
Schwendler Corporation 
has raised the standard in 
electromagnetic field 
analysis even higher. 

Version 2.0 introduces 
more leading edge technology 
with the addition of an expanded 
materials and element library, 
including the ability to simulate open 
boundaries and the effects of ferrite and 
other lossy materials. This release also 
features greatly enhanced solution tech¬ 
niques capable of efficiently solving large 
three-dimensional problems. 


EMAS 


If you’re involved in EMI/ 
EMC, RF shielding, microwave 
heating, magnetic signature, 
antennas or other radiating 
stmctures. Version 2.0 is the 
ideal tool for reducing product 
development costs and improv¬ 
ing design insight. 

Available on most popular workstations 
and larger computers, MSC/EMAS can solve 
your company’s toughest electromagnetic 
field problems. For a video or brochure on 
this or any member of MSC’s complete 
family of software, call us at 414-357-8723. 

SIMPLY powerful: 

The 

MacNeal-Schwendler 

Corporation 
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bility scales ■ Advanced data handling, 
allowing over 268,000,000 data points 

■ Powerful scientific spreadsheet which 
can directly read your Lotus or ASCII files 


■ Unrestricted placement of graphs & text 

■ Direct compatibility with Microsoft Word 
& WordPerfect. 

With Graftool, all this power and 
flexibility purr quietly under the hood, 
while pop-up menus and push-buttons 
bring an ease of use previously unheard 
of in scientific software. Just “point & 
process” with increased productivity and 
greater understanding. 

GRAFTOOL - the right tool for your 
technical solutions. 
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■ Academic discounts. 
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your application quickly in different 
ways? EASYEST LX" m^es it a snap. 
Just click on the appropriate icon 
and EASYEST LX will capture, ana¬ 
lyze and display your data. No other 
PC-based data acquisition software 
lets you do so much so easily. Or 
fast. In fact, because EASYEST LX 
is such a powerful set of integrated 
tools, you can actually be plotting 
and analyzing your data within min¬ 
utes of installing your hardware. 

FREE DEMO DISK . See for your¬ 
self how easy EASYEST LX is for 
troubleshooting or automating tests 
and experiments with a PC. Just ask 
for our interactive demo disk and lit¬ 
erature. Write: Keithley Asyst, 440 
Myles Standish Blvd., Taunton, MA 
02780. For a faster look, call: 

800-348-0033. 

EASYEST LX is a trademark of Keithley 


ASYST 


440 Myles Standish Blvd., Taunton, MA 02780 50»3000 


More solutions... more experience. 
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Recent books 


Summit, Pa., 1991, 443 pp., $24.95. 

Testing and Diagnosis of Analog Circuits and 
Systems. Ed. Liu, Ruey-uxn, Van Nostrand 
Reinhold, New York, 1991,284 pp., $54.95. 

Power Systems Handbook: design, operation 
and maintenance. Seevers, O.C., Fairmont 
Press, Lilbum, Ga., 1991, 367 pp., $48. 

Electro-Optical System Design: for Information 


processing. Eds. Fischer, Robert E., and 
Smith, Warren J., McGraw-Hill, New York, 
1991, 343 pp., $49.95. 

CICS: A Programmer’s Reference. Donofrio, 
Phyllis, McGraw-Hill, New York, 1991,254 
pp., $44.95. 

Routing and Dimensioning In Circuit-Switched 
Networks. Girard, Andre, Addison-Wesley, 
Reading, Mass., 1991, 556 pp., $60.25. 

OS to 0Sf2: couverslon, mlgratlou, and applica¬ 
tion design. Ranade, Jay, and Bobak, Ange¬ 


lo, McGraw-Hill, New York, 1991, 699 pp., 
$49.95. 

Genome: The Story of Our Astoulshing Attempts 
to Map All the Genes In the Human Dody. Bi¬ 
ship, Jerry E., and Waldholz, Michael, Simon 
& Schuster, New York, 1991, 352 pp., 
$10.95. 

Digital Signal Processing: theory, applications 
and hardware. Haddad, Richard A., and Par¬ 
sons, Thomas W, W.H. Freeman, New 
York, 1991, 636 pp., $54.95. 

Microwave Imaging Technlgues. Steinberg, 
Bernard D., and Subbaram, Harish M., John 
Wiley & Sons, Somerset, N.J., 1991, 361 
pp., $64.95. 

Writing VAX/VMS Applications Dsing Pascal. De 

Klerk, Theo, Digital Press, Bedford, Mass., 
1991, 748 pp., $39.95. 

Innovative Applications of Artificial Intalllgonce 

2. Eds. Rappaport, Alain, and Smith, Reid, 
MIT Press, Cambridge, Mass., 1991, 310 
pp., $25. 

The V Series Recommendations: Protocols for 
Data Communications Ovor tho Tolophono Nol- 
work. Black, Uyless, McGraw-Hill, New 
York, 1991, 186 pp., $34.95. 

Fundamontals of Manipulator Calibration. 

Mooring, Benjamin W.,etal., John Wiley & 
Sons, Somerset, NJ., 1991,329 pp., $69.95. 

Mechanisms and Mechanical Devices Source- 
book. Chironis, Nicholas P, McGraw-Hill, 
New York, 1991, 447 pp., $55. 

Digital Image Processing. Pratt, William K., 
John Wiley & Sons, Somerset, N.J., 1991, 
698 pp., $69.95. 

FoxPro: The Master Reference. Stark, Robin, 
and Satonin, Shelley, Windcrest/McGraw- 
Hill, Blue Ridge Summit, Pa. , 1991,390 pp., 
$24.95. 

Understanding Hypertext Concepts and Appli¬ 
cations. Seyer, Philip, Windcrest/McGraw- 
Hill, Blue Ridge Summit, Pa., 1991,280 pp., 
$29.95 (hardcover), $19.95 paperback). 

Vector Lyapunov Functions and Stability Anal¬ 
ysis of Nonllnoar Systems. Lakshmikantham, 
V, Matrosov, V.M., and Sivasundaram, S., 
Kluwer Academic, Dordrecht, the Nether¬ 
lands, 1991, 172 pp., $79. 

Norton Utilities 5.0: An Illustrated Tutorial. 

Evans, Richard, Windcrest/McGraw-Hill, 
Blue Kdge Summit, Pa., 1991, 343 pp., 
$16.95. 

A Model for Distributed Campus Computing. 

Champine, George A., Digital Press, Bed- 


Finally A Single 
Environment For 
Real World 
Problem Solving! 



Your scripts (as well as the 


From elementary academic 
problems to the most complex 
industry projects, the fully inte¬ 
grated environment of HiQ 
brings together all the tools you 
need - to pose your problem, 
solve it, graph it, organize the 
data, then design and print out 
a complete presentation of your 
work. For example: 

• The Project Worksheet inter¬ 
face that lets you organize 
and dynamically link every¬ 
thing you create in HiQ 

• Over 600 built-in functions 


• Problem Solvers™gyaphical 
interfaces that deliver over 
100 of the world's most 
powerful algorithms 

• HiQ-Script™a new struc¬ 
tured “4GL" programming 
language for engineers 

• The Grapher™ a real-time, 
ZD & 3D interactive 
graphical editor 


Call today to find out how HiQ 
can solve your real world 
problems. 

1-800-488-8662 


e, 


With these features on your 

Macintosh or UNIX workstation. Bimillennium Corporation 

you can create a dynamic docu- 101 Albright Way 

ment for almost any engineering Los Gatos, CA 95030 

problem. 


or registered trademarks of their re 
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The Ultimate 
High- 

Performance 

Vehicle 



IEEE operates worldwide 
through 37 technical 
societies, organized in 
hundreds of local 
chapters. We can put you 
in touch with a chapter 
near you. Discover the 
advantages of belonging 
to the world's largest 
professional technical 
society—^The Institute of 
Electrical and Electronics 
Engineers, Inc. 


For a FREE IEEE Membership Information Kit use this coupon. 


J L 


Address 

City State/Country Postal Code 

Mail To: IEEE MEMBERSHIP DEVELOPMENT 
The Institute of Electrical and 
A Electronics Engineers, Inc. 

445 Hoes Lane, P.O. Box 1331 

Piscataway, N.J. 08855-1331, USA 

(908) 562-5524 5,3^ 


TONGUE 

IWBIER. 



The SECTEL Secure Phone & DSP 

Motorola's 56001 Digital Signal Processor 
provides a voice coding mechanism 
for communicating confidential information in 
the Motorola SECTEL®Secure telephone. 

To talk more, call 1-800-845-MOTO. 

MOTOROLA 


SCIENTIFIC PROGRAMMING 
P.O. Box 669 • Haslett, Ml 48840 


(517) 339-9859 


!PloMT 


Scientific Graphs and Statistics 

PlotIT 2.0 for Windows is the next generation of a proven 
high-powered scientific graphing and statisticai analysis pack¬ 
age for scientists, engineers, and others who need quality, 
user-designed 2D, 3D, and SPQC graphs, or need to perform 
sophisticated data anaiysis. PlotIT 2.0 has the features you 
need to make those complex scientific graphs seem simple: 

• Multiple Axes and Curves per graph; multiple graphs per page; user 
Axis and Data labels; Linear, Log, Probit, and Percentage scales. 

• Point-and-click the mouse to edit, size, and position graph elements 
and annotations. 

• Nearly 100 statistical functions, including AOV, Regr, Distribution, Trends, 
Group stats, cun/e fitting, and basic stats available within the full-featured 
PlotIT worksheet, with support of up to 16375 rows of data. 

• Read data from Lotus, Excel, dBase, and ASCII files, user-functions, 
or paste from the Clipboard. 

• 3D graphs: surfaces, contours, histograms, scatterplots; with floor 
and wall ray tracing, color ranges, and postings. 

•2D graphs: Standard 
Error, curve fitting and 
data analysis, line, 
point, bar, and pie, tri¬ 
angle, and Control 
charts. 

•User-definable color 
palettes, multiple data 
paths. Picture Show 
mode. 

•Poster module allows 
easy creation of pre¬ 
sentation diagrams 
and figures. 
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Recent books 


ford, Mass., 1991, 300 pp., $28.95. 

Designing With Speech Precessing Chips./tme- 
nez, Ricardo, Academic Press, San Diego, 
Calif., 1991, 323 pp., $59.95. 

Lee Adams' VIsuallzatlen Graphics In C. Adams, 
Lee, Windcrest/McGraw-Hill, Blue Ridge 
Summit, Pa., 1991, 512 pp., $26.95. 

Imprnving Engineering Design. National Re¬ 


search Council, National Academy Press, 
Washington, D.C., 1991, 107 pp., $19. 

Qnantized Vnrtices In Helium II. Donnelly, R.J., 
Cambridge University Press, New York, 
1991, 346 pp., $95. 

Snider Joint Reliability: Theory and Applica¬ 
tions. Ed. Lau, John H., Van Nostrand 
Reinhold, New York, 1991,631 pp., $74.95. 

The Art ot Computer Systems Performance Anal¬ 
ysis. Jain, Raj, John Wiley & Sons, New 
York, 1991, 720 pp., $52.95. 


Neural Networks and Speech Processing. Mor¬ 
gan, David R, and Scofield, Christopher L., 
Kluwer Academic, Dordrecht, the Nether¬ 
lands, 1991, 391 pp., $69.96. 

Computer Security Handbook, 2nd edition. 

Baker, Richard H., Tab Books/McGraw- 
Hill, Blue Ridge Summit, Pa., 1991,416 pp., 
$24.95. 

Practical Knowledge Engineering. Kelly, 
Richard V. Jr., Digital Press, Bedford, 
Mass., 1991, 230 pp., $28.95. 

Unix Quick! Feibus, Andrew, Professional 
Press, Horsham, Pa., 1991, 249 pp., $30. 

80386 Protected Mode Programming In C. Dorf- 
man, Len, Tab Books/McGraw-Hill, Blue 
Ridge Summit, Pa., 1991, 384 pp., $24.95. 

Digital Magnetic Recording, 2nd edition. 

Hoagland, Albert S., and Monson, James E., 
John Wiley & Sons, Somerset, N.J., 1991, 
230 pp., $49.95. 

Designing Intelligence: A Framework tor Smart 
Systems. Kim, Steven H., Oxford Universi¬ 
ty Press, New York, 1991, 273 pp., $39.95. 

SVD and Signal Processing II. Ed. Vaccaro, R., 
Elsevier Science, Amsterdam, the Nether¬ 
lands, 1991, 512 pp., $85. 

The CAD Design Studio. Jacobs, Stephen Paul, 
McGiaw-HUl, New York, 1991, 120 pp., 
$29.95. 

Dptimal Control: An Introduction to the Theory 
with Applications. Hocking, Leslie M., Ox¬ 
ford University Press, New York, 1991,254 

pp., $80. 

Adaptive and Digital Signal Processing. Lind¬ 
quist, Claude S., Stewart & Sons, Miami, 
Fla., 1991, 847 pp., $44.95. 

Implementation of Non-Strict Functional 
Programming Languages. Traub, Kenneth R., 
MIT Press, Cambridge, Mass., 1991, 171 
pp., $27.95. 

Oracle Distributed Systems. Webb, Kenneth, 
and Lafreniere, Lori, Windcrest/McGraw- 
Hill, Blue Ridge Summit, Ph., 1991,329 pp., 
$24.95. 

Singular Electromagnetic Fields and Sources. 

Van Bladel, /., Oxford University Press, 
New York, 1991, 237 pp., $75. 

The Dig Dang That Never Happened. Lemer, 
Eric, Random House, New York, 1991,466 
pp., $21.95. 

1881 Yearbook Supplement To McGraw-Hill’s 
National Electrical Code Handbook. McPart- 
(Continued on p. 52G) 


ReachJor us...^ x 



W hen you reach 
for D.A.T.A. DI( 


WV for D.A.T.A. DIGEST, 
searches are fast and easy. From 
Integrated Circuits and Discretes to Specialty 
References, our comprehensive library provides 
the most accurate, unbiased source of electronic 
component information available. We guarantee 
it. Ranging from $95-$205, D.A.T.A. DIGESTS 
include over one million devices from more than 
950 manufacturers. D.A.T.A. DIGESTS save you 
time - which saves you money. 

When you need the right answer, right now... 

D.A.T.A. IDIIIGIEISirr 


DATA BUSINESS PUBUSHINg “ 

A Division of Information Handling Services® 

15 Inverness Way East • P.O. Box 6510 • Englewood, CO 80155-6510 


Tojind out how to increase your productivity 
call 1-800-447-4666 todcy. 
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It gives you the power to visualize complex problems 
the way you want to see them. 



Almost all engineering 
analysis software works 
fairly well on nickle-and- 
dime problems. But when 
it comes to really difficult 
jobs, you run into a lot 
of limitations. 

EASY5x is different. 

It gives you the ability 
to look at big, complex 
problems. You can use it 
to model, simulate, and 
analyze virtually any type 
or size of dynamic sys¬ 
tem-even sampled-data 
control systems. 

Easily build your own 
components. 

With EASY5x’s open 
architecture, you can create 
your own application-spe¬ 
cific components. Then 
store them, reuse them, 
and share them with other 
engineers. 

Or, you can use any of our 
195 modeling components. 

These standard “building 
blocks” will help you efficiently model 
dynamic effects or physical systems. 
Including tricky problems like fric¬ 
tion and hysteresis, or two-phase 
refrigeration cycles. 

Concentrate on the problem, 
not the software. 

EASY5x gives you unparalleled 
flexibility. Yet it’s easy to learn and 
simple to use. 


The X Window®-based graphical 
interface lets you work on engineer¬ 
ing workstations without forcing you 
to learn special commands. 

And when your problem be¬ 
comes complex enough for speed 
to be important, EASY5x is an order 
of magnitude faster than our com¬ 
petitors’ software. You can even run 
your analyses on a supercomputer. 


Designed by engineers 
for engineers. 

EASY5x wasn’t created 
in an academic setting. It 
was developed, tested, and 
refined at Boeing, one of 
the world’s leading aero¬ 
space companies. 

Altogether, in fact, more 
than 2,700 Boeing engi¬ 
neers have used EASY5x. 
And the software has 
logged more than a mil¬ 
lion man-hours designing 
the airplanes you fly. But 
that’s only the beginning. 

Because thousands of 
other engineers and stu¬ 
dents worldwide are using 
EASY5x to model and 
analyze electrical, mechan¬ 
ical, hydraulic, pneumatic, 
thermal, and chemical sys¬ 
tems. And they’re applying 
their findings to the aero¬ 
space and automotive 
industries. Plus robotics, 
heavy equipment, nuclear 
power, and environmental control. 

Try EASY5X for free. 

All things considered, EASY5x is 
the best value on the market. And 
we’d like to prove it to you. 

Call us for a free, 30-day trial offer. 
Phone 1-800-426-1443 or FAX to 
206-865-2966. Or write to Boeing, 
EO. Box 24346, MS 7L-46, Seattle, 

WA 98124-0346. _ 
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IEEE conference proceedings take you to the 
frontier in electronics and computing... 

.. .and our Prepaid Order Plan gets you there 
at a savings of about ^,000! 


The 1992 IEEE Prepaid Order Plan 
(POP) . 

I f your library jieeds leading edge 
information in computing and •, * 
electronics first, fast, and at a reasonable 
price, consider IEEE conference proceed: 
ings. Plus, with our Prepaid Order Plan, 
your library can get these important 
proceedings -and save about $5,000!' 


Our Prepaid Order Plan brings you 
these major benefits: 

■ Save about $5,000 

Pay only $8,995 for the 1992 Plan - 
that's about $5,000 off the combined 
proceedings prices! 


■ Free 1992 Index * 

You'll get the new 1992 two-volume. 
Index to IEEE Publications - a value 
of about $350 -five 


■ Get key work first 

IEEE conference proceedings publish 
innovative research first — before jour¬ 
nals, magazines, books, on-line services, 
CD-ROM or any other media- 


■ Now with ISBNs 

IEEE conference proceedings 
now carry ISBNs, making them 
.^... easier for librarians to work witl 


To order, or for a free brochure, 
call IEEE Customer Service at 
1-800-678-IEEE and ask for 
Rene Owens. Ask about 
our Open Order Plan and 
Suboption Plan too. 


The Institute of Electrical & Electronics Engineers, Inc. • 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331 
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ISSA/NSA 

POLY 


USE YOUR “TICKETS ’ 

FOR FASTER CAREER GROWTH 

Put our 27+ years experience plac¬ 
ing technical professionals to work 
for you. All fees paid. Nationwide 
opportunities in Communications, 
Defense, Intelligence, Computer, 
Satellites and Analytical Sciences. 
If you earn over $35,000, we have 
a better, more rewarding job for 
you ... right now. U.S. citizenship 
and ISSA/NSA POLY desirable. 
Call (301) 231 -9000 or send your 
resume in confidence to: Dept. EA- 
I3EB or FAX to: (301) 770-9015. 


WALL AC H 

associates, Inc. 


Washington Science Center 
6101 Executive Bouievard 
Box 6016 

Rockville, Maryland 20849-6016 


Technical University 
of Darmstadt 

The Department of Con¬ 
trol and Computer En¬ 
gineering of the Tech¬ 
nical University of Darm¬ 
stadt/Germany invites 
applications for a newly 
established full professorship (C4) in 
the area of process communication. 

The applicant is expected to possess a 
strong commitment to teaching and 
research. She/he should have estab¬ 
lished academic credentials by original 
work related to areas such as networks 
in production plants or mobile units, 
realtime communication, communication 
protocols, network reliability, data secu¬ 
rity, network topologies. 

This professorship is financed by the 
Volkswagen-Foundation for five years 
and will subsequently be carried on by 
the university. 

Applicants are asked to send their re¬ 
sume under reference number 67 to: 
The President of the Technical Univer¬ 
sity of Darmstadt, Karolinenplatz 5, 
D-6100 Darmstadt, Germany. 


Calendar 


(Continued from p. 7) 

International Geoscience and Remote 
Sensing Symposiiun (GRS); May 26-29; 
South Shore Harbour Resort and Confer¬ 
ence Center, League City, Texas; Tammy I. 
Stein, HARC/STAR, 4800 Research Forest 
Dr., The Woodlands, Texas 77381; 713-363- 
7922. 

46th Annual Symposium on Frequen¬ 
cy Control (UFFC); May 27-29; Hershey 
Lodge and Convention Center, Hershey, Pa.; 
Raymond L. Filler, U.S. Army ETDL, 
SLCET-EQ, Fort Monmouth, N.J. 07703- 
5601; 908-544-2467. 

22nd International Symposium on 
Multiple-Valued Logic (C); May 27-29; 
Tohoku University, Sendai, Japan; Tatsuo 
Higuchi, Electronic Engineering Depart¬ 
ment, Tohoku University, Sendai 980, Japan; 
(81+022)222 1800; fax, (81+022)263 9406. 

Workshop on Numerical Modeling of 
Processes and Devices for Integrated 
Circuits-Nupad IV (ED); May 31-June 1; 
Westin Hotel, Seattle, Wash.; Fely Barrera, 
Stanford University, 205 AEL Building, 
Stanford, Calif. 94305-4055; 415-723-4138; 
fax, 415-725-7298. 


JUNE 


Microwave and Millimeter Wave 
Monolithic Circuits Symposium (ED); 
June 1-2; Convention Center, Albuquerque, 
N.M.; Ho Charles Huang, Anadigics Inc., 
35 Technology Dr., Warren, NJ. 07060; 201- 
668-5000; fax, 908-668-5068. 

19th International Conference on 
Plasma Sciences (NPS); June 1-3; Hyatt 
Regency Westshore Hotel, Tampa, Fla.; 
Norman L. Oleson, Department of Electri¬ 
cal Engineering, Eng 118, University of 
South Florida, Tampa, Fla. 33620; 813-974- 
2369; fax, 813-974-5250. 

International Microwave Symposium— 
MTT ’92 (MTT); June 1-5; Albuquerque 
Convention Center, Albuquerque, N.M.; 
Everett Farr, 614 Paseo Del Mar, Albuquer¬ 
que, N.M. 87123; 505-293-3886. 

Symposium on Autonomous Under¬ 
water Vehicle Technology (OE); June 
2-3; Dulles Airport Marriott Hotel, 
Washington, DC.; Gordon Raisbeck, 40 
Deering St., Pbrtland, Me. 04101-2212; 207- 
773-6243. 

VLSI Technology Symposium (ED); 
June 2-4; Westin Hotel, Seattle, Wash.; 
James Clemens, AT&T Bell Laboratories, 




ADVANCED ENGINEERING 
EDUCATION 


If you're a busy professional engineer 
searching for a convenient way to 
further your education without inter¬ 
rupting your career...look to the VIP. 

Through the University of Massa¬ 
chusetts at Amherst, the VIP offers a 
wide variety of advanced engineer¬ 
ing courses, delivered to your work¬ 
place by videotape or live broadcast. 
The VIP gives you the advantage and 
flexibility to receive graduate level 
instruction at a time and place that fit 
your schedule. 

Call or write today about our 
degree and non-degree programs. 


Video Instructional Program 

College of Engineering 

113B Marcus Hall 

University of Massachusetts 

Amherst, MA 01003 

(413) 545-0063 FAX (413) 545-1227 
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MathType. The best thing for 

t . . . . i“ n 

writing equations since chalk 


No programming languages to 
learn. No codes to remember. 

W ith MathType you create 
and add equations to your 
document by using simple 
point-and-click techniques. AH 
without quitting your word 
processor. 

MathType has an intuitive 
i WYSIWYG 
^ (What You See 
^ Is What You 
l Get) interface. 



File Edit Math Typeface Size Form 


nnz 





TEX: $$\left\ Vert(\tilde 


MathType has pull-down menus containing templates and mathematical symbols. You 
select the symbols and MathType automatically tormats your work. 


Ask for your FREE Demo 
Disk and Brochure for either 
PG or Macintosh. 

Complete Software Packages: 
PCIWindows version: $249 
Mac version: $149 


Over 175 mathemat¬ 
ical symbols and 
templates, conven¬ 
iently arranged in 
puU-down menus. 


With MathType, equation writing 
is as easy as filling in the blanks. 

Now you can create typeset- 
quality technical documents easily 
and quickly. 


gMathlype 


=P| 

7]m 

Equations for Word Proc 
Design Science Inc., 4028 Broadway, Long Beach, CA 90803 | 

1-800-827-0685 I 


MathType is comp 


p publishing applica 


KUWAIT UNIVERSITY 

COLLEGE OF ENGINEERING & PETROLEUM 

The department of ELECTRICAL & COMPUTER EN¬ 
GINEERING at Kuwait University invites applica¬ 
tions for faculty positions beginning SEPTEMBER 
1992 and FEBRUARY 1993. Duties include teaching 
courses at undergraduate and graduate levels. 
Specialities required are: 

• COMPILER DESIGN 

• SOFTWARE ENGINEERING 

• DESIGN AUTOMATION OF DIGITAL SYSTEMS 

• COMPUTER NETWORKS 

• IMAGE PROCESSING 

• COMMUNICATIONS, POWER AND MACHINES 
CONTROL, ELECTRONICS 

The successful candidate must have a Ph.D in 
ELECTRICAL OR COMPUTER ENGINEERING. 
Application forms and additional information may 
be obtained from: 

Embassy of the State of Kuwait 
Kuwait University Office 
3500 International Drive, N.W. 

Washington, D.C. 20008 
Tel; 202-363-8055 

Completed applications must be returned to: 

OFFICE OF THE DEAN 

COLLEGE OF ENGINEERING & PETROLEUM 

KUWAIT UNIVERSITY 

P.O. BOX 5969 SAFAT, 13060 KUWAIT 

FAX NO. (965) 4811772 

TEL NO. (965) 4817175 


High Temperature 
Superconductors 


The hottest high-tech research topic of the decade 
needs its own efficient channel of information flow. 

With the number of published papers accelerating 
monthly, workers in the high-Tc field need to grasp their es¬ 
sential contents quickly to keep ahead in the race for the 
breakthrough. 

High-Temperature Superconductors answers the need. 
It's the newest in the highly-successful Key Abstracts series 
from INSPEC, one of fhe world's leading scientific and tech¬ 
nical database producers. 

To satisfy the demands of researchers, INSPEC is giving 
high priority to the selection and printing of summaries of fhe 
latesf items being published worldwide on high-Tc supercon¬ 
ductors. Moreover, the service is brought to you monthly at 
an easily-affordable price. 

The arrangement of the summaries under the broad 
headings shown below and the addition of a subject index 
in each issue ensures easy scanning and precision in finding 
details of the latest advances. 

Contents; Preparation; Physical properties - structure and 
characterisation, critical temperature, critical currents and 
fields, Josephson effect, other superconducting properties; 
Theory of high-Tc superconductors; Devices and applications. 
High-Temperature Superconductors is published monthly on 
a calendar year basis, at a 1991 subscription price of $142 
per annum ($79 for members of lEE, IEEE, lOP, BCS, AlP). 
(Prepayment is required). 

For more details, including a sample issue 
and order form, contact: 


DDDSIolSE 


INSPEC Dept., IEEE Service Center 

445 Hoes Lane, P.O. Box 1331 
Piscataway, NJ 08855-1331 
r Telephone; (908) 562-5554 
Fax: (908)981-0027 
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Calendar 


600 Mountain Ave., Murray Hill, NJ. 07974; 
908-582-2800. 


11th Annual International Conference 
on Consumer Electronics (CE); June 3- 
5; Westin Hotel O’Hare, Rosemont, Ill.; 
Diane D. Williams, Conference Coordinator, 
67 Raspberry Patch Dr., Rochester, N.Y. 
14612-2868; 716-392-3862; fax, 716-392- 
4397. 

Second International Symposium on 
Atomic Layer Epitaxy ®D); June 3-5; 
Raleigh Marriott, Raleigh, N.C.; Salah M. 
Bedair, Department of Electrical Engineer¬ 
ing, North Carolina State University, Ra¬ 
leigh, N.C. 27695-7911; 919-515-5704; fax, 
919-515-3027. 

Workshop on Combinations of Genet¬ 
ic Algorithms and Neimal Networks 
(NN); June 6; Sheraton Inn Harbor, Balti¬ 
more, Md.; J. David Schaffer, Philips 
Laboratories, 345 Scarborough Rd., Briar- 
cliff Manor, N.Y. 10510; 914-945-6168. 

International Symposium on Electri¬ 
cal Insulation (DED; June 7-10; Omni 
Inner Harbor Hotel, Baltimore, Md.; D. 
Randy James, Oak Ridge National Labora¬ 
tory, Box 2008, Building 3147, MS-6070, Oak 
Ridge, Term. 37831-6070; 615-574-0266/ 
6213. 


Fifth Hiunan Factors and Power Plants 
Conference (PE); June 7-11; Sheraton 
Hotel, Monterey, C^.; Robert Starkey, 
B<SW Nuclear Service, 3315 Old Forest Rd., 
Lynchburg, Va. 24501; 804-385-2905. 

International Joint Conference on 
Neural Networks (NN); June 7-11; Balti¬ 
more Convention Center, Baltimore, Md.; 
Nomi Feldman, Meeting Management, 5665 
Oberlin Dr., Suite 110, San Diego, Calif. 
92121; 619-453-6222. 

Sixth International Conference on 
Metalorganic Vapor Phase Epitaxy 
(LEO); June 8-12; Hyatt Cambridge, Cam¬ 
bridge, Mass.; lEEE/LEOS, 445 Hoes Lane, 
Box 1331, Piscataway, NJ. 08855-1331; 908- 
562-3893. 

29th ACM/IEEE Design Automation 
Conference (C, CAS); June 8-12; Anaheim 
Convention Center, Anaheim, Calif.; IEEE 
Computer Society, Conference Department, 
1730 Massachusetts Ave., Washin^on, D.C. 
20036-1903; 202-371-1013; fax, 202-728- 
0884. 


Conference on Precision Electromag¬ 
netic Measurements (IM); June 9-12; 
CNIT Paris la Defense, Paris; J. Blouet, Bu- 



remember when a magical box gave you the power 
to simulate an infinite variety of complex, 
non-linear systems and explore time-varying 
behavior during interactive execution? 

Once upon a time you hod o toybox. • 

You opened it and suddenly any situation 
was yours for the recreation and 
re-creation. With MGA's Advanced 
Continuous Simulation Language (ACSL), 
that some wondrous power con now be 
found inside your computer. 

ACSL is the software that gives you the 
power to simulate complex, non-linear 
systems, faster, with better results. With 
ACSL, you can simulate a wide variety of 
dynamic systems and physical phenomena, 
such as aircraft, missiles, automobiles, 
electro-mechanical and mechanical 
systems, chemical process plants, friction, 
vibration, and thermal reactions. 

ACSL lets you be more productive, 
because it provides you with the facilities 
and functions that you'd otherwise have 
to write for yourself with a general 
purpose language. So you can focus more 
of your time and energy on your par¬ 
ticular engineering challenge. 


ACSL also provides maximum inter¬ 
active execution, with far more flexibility 
than competing software. It lets you vary 
all conditions and specify outputs through¬ 
out the process. 

Plus MGA's service and support give 
you instant access to a vast quantity of 
industry and operations information. 
When you purchase ACSL from MGA, 
it's the beginning of a very interactive 
relationship. 

Find out more about ACSL by calling 
508-369-5115 or FAXing 508-369-0013. 

It could take you back to a time when 
simulation was as simple as child's play 
and as powerful as your imagination. 


Mitchell and Gauthier 


The only real choice for simulations. 
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Second International Conference on 
Systems Integration (C); June 15-18; 
Headquarters Plaza Hotel, Morristown, 
NJ.; IEEE Computer Society, Conference 
Department, 1730 Massachusetts Ave., 
N.W., Washington, DC. 20036-1903; 202- 
371-1013; fax, 202-728-0884. 

Seventh Annual Conference on Com¬ 
puter Assurance (AES, NCAC); June IS¬ 
IS; National Institute of Standards and Tech¬ 
nology (NIST), Gaithersburg, Md.; Rob 
Ayers, 2551 Riva Road, Annapolis, Md. 
21401; 410-266-4741. 

Fomth International Conference on 
Software Engineering and Knowledge 
Engineering (C); June 17-19; Europa Pal¬ 
ace Hotel, Capri, Italy; IEEE Computer So¬ 
ciety, Conference Department, 1730 Mas¬ 
sachusetts Ave., N.W., Washington, D.C. 
20036-1903; 202-371-1013; fax, 202-728- 
0884. 

Solid-State Sensor and Actuator Work¬ 
shop (ED); June 21-25; Marriott Hilton 
Head Resort, Hilton Head Island, S.C.; 
Steve Senturia, Massachusetts Institute of 
Technology, Room 39-567, Department of 
Electrical Engineering, Cambridge, Mass. 
02139; 617-253-6869; fax, 617-253-9606. 

International Workshop on Hardware 
Fault-Tolerance in Multiprocessors 
(C); June 22-23; University of Massachu¬ 
setts, Amherst; IEEE Computer Society, 
Conference Department, 1730 Mas¬ 
sachusetts Ave., N.W., Washington, D.C. 
20036-1903; 202-371-1013; fax, 202-728- 
0884. 

50th Annual Device Research Confer¬ 
ence (ED); June 22-24; Massachusetts In¬ 
stitute of Technology, Cambridge; Sam 
Shichijo, Texas Instruments Inc., 12840 Hill- 
crest, Suite 200, Dallas, Texas 75230; 214- 
917-7402. 

Seventh Annual IEEE Symposium on 
Logic in Computer Science (C); June 
22-25; University of California, Santa Cruz, 
Calif.; IEEE Computer Society, Conference 
Department, 1730 Massachusetts Ave., 
N.W., Washington, D.C. 20036-1903; 202- 
371-1013; fax, 202-728-0884. 

35th International Power Sources 
Symposimn (lA); June 22-25; Hyatt Cher¬ 
ry Hill, Cherry Hill, N.J.; Conference Regis¬ 
trar, IEEE Technical Activities, 445 Hoes 
Lane, Box 1331, Piscataway, N.J. 08855- 
1331; 908-562-3894. 

20th Power Modulator Symposium 
(ED); June 23-25; Myrtle Beach Hilton 
Hotel, Myrtle Beach, S.C.; Mark Goldfarb, 
Palisades Institute, 2011 Crystal Dr., Suite 
307, Arlington, Va. 22202; 703-769-5588. 


Calendar 


reau National de Metrologie, 22 Rue Monge, 
F-75005 Paris, France; (33-hl) 46 34 4840. 

International Semiconductor Manu- 
factiudng Science Symposium (CHMT, 
ED); June 14-17; San Francisco Hilton, San 
Francisco; Corinne Caignoni, SEMI, 805 E. 
Middlefield Rd., Mountain View, Calif. 
94043; 415-940-6909; fax, 415-967-5375. 

Symposium on Computer-Based Med¬ 


ical Systems (C, EMB); June 14-17; 
Washington Duke Inn and Golf Club, 
Durham, N.C.; IEEE Computer Society, 
Conference Department, 1730 Mas¬ 
sachusetts Ave., N.W., Washington, D.C. 
20036-1903; 202-371-1013. 

International Conference on Commu¬ 
nications—ICC/Supercomm ’92 
(COM, Chicago Section); June 14-18; Chica¬ 
go Hilton and Towers, Chicago; P. Douglas 
Lattner, Ameritech Services, 2000 W. 
Ameritech Center Dr., Hoffmans Estate, Ill. 
60196-1025; 708-248-5302. 


Create The 
Eiojth Wonder Of 
The World. 

Only the most impressive artistic and engineering achievements of 
the ancient world came to be known as "wonders." Today at 
NOKIA Mobile Phones in San Diego, our professionals are engi¬ 
neering modern wonders that are making history with their pro¬ 
gressive capabilities and features. 

Finnish-based NOKIA Mobile Phones is Europe's largest—and 
the world's second largest—mobile phone manufacturer. As an 
Engineer with our new U.S. Research and Development Center in 
San Diego, you can use your creativity and skills to create 
NOKIA's next-generation digital cellular mobile phones. You will 
be supported by our progressive operational and management 
style, one that has earned us a very high rating for TQM, and has 
led to the implementation of concurrent engineering. And you'll 
make history with the contributions you make to our product line. 

Help us create wondrous achievements for our industry—and 
our time—by joining NOKIA Mobile Phones. Eor more informa¬ 
tion on available career opportunities, send your resume to: 
NOKIA Mobile Phones, Code 111, 9605 Scranton Rd., #303, San 
Diego, CA 92121. 
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Ybur favorite technical handbooks 
are now available in soft editions. 


A new approach to math. 

Introducing the Mathcad 
3.1 Software System for Miaosoft 
Windows or UNIX. It revolutionizes 
math by letting you zip through 
problems naturally and logically— 
beauseitworbthe 
way you think. And 
now it’s even more 
powerful, thanks to new 
Electronic Handbooks™ 

More than a 
number-cruncher. 

With Mathcad 3.1, 
you type your work 
anywhere into the hve 
screen—just like you’d 
write on a scratchpad—and Mathad 
docs the calculating. Updates answers 
when a variable changes. Even graphs 
in 2-Dor 3-D. 

Symbohc calculation capabihties 
let you do integrals, ’Hylor scries, or 
infinite sum calculations with click-n- 
dragsimphcity. 

And when you’re done, Mathcad 
prints out presentation-quality 
documents complete with equations 
in real math notation. 

Fast electronic access to 
commonly used methods, formulas 
anddiagr^. 

Mathcad’s new Hectronic Handbooks give 
you instant access to the formulas, methods. 



•The 
CRC 

Materials Science and 
Engineering Handbook contains 
more than 140 tables of data, bit¬ 
mapped illustrations, and Mathcad 
plots. Includes densities, melting 
points and crystal structures of 
elements, properties of ceramics and 
superconducting materials, and 
much more. 

Also Amkhk: 

• Optional Applications Packs— 
adaptable Mathad templates for 
Electrical, Mechanical, Civil and 
Chemical Engineering, f 
Advanced Math, and Ni 
Methods. 

• PC DOS and Macintosh* versions 
also available. 

Free demo disk. 

For a FREE Mathad demo 
disk, or upgrade information, call 
l-800-M^CAD(or 
617-577-1017,Fax 
617-577-8829). 

Or see your 
software dealer. 


lumerical 



diagrams and tables you rely on every day. Just 
open an Electronic Handbook and select your 
topic. They’re interactive, so you can modify for¬ 


mulas for specific calculations. Change parameters, 
plots and variables, and let Mathcad automati¬ 
cally calculate your answers within the Handbook. 
Or double-click on a Handbook entry and paste 
it into your Mathad document—with 
the correct units! 

Three new optional Mathad 
Hectronic Handfxxrks* ate now avail¬ 
able, ach created in conjunction with 
a lading publisher of technical reference 
handbooks: 

• Mathad Ireasury of Methods and 
Formulas offers you a host of the meth¬ 
ods, formulas and diagrams you use every 
day, along with interactive explanations of 
every feature and algorithm of Mathad. 

• Machine Design and Analysis form 
Hicks’ Standard Handbook (f Engineering 
Cakulatmsfmm McGraw-Hill, contains 
more than 125 practical calculation proce¬ 
dures including shaft and gear mechanics, 

time and power to cut, drill, bote, countersink, 
and a lot mote. 


*Hectronic Hand¬ 
books requite Mathad 3.1 and 
Microsoft Windows 3.0 (or higher) 
or UNIX. 




1-800-MATHCAD 


The answer is 

Mathcad' 


MathSoft, Inc . 201 Broadway, Cambridge, MA 02139 USA • Phone: 1-800-628-4223 • 617-577-1017 • Fax: 617-577-8829 

irne (03)8661766; Belnum:SCIA013/S5177S;Dcaiiurk;Eii£ben422S 1777;Finlaiid:Zeiiex9(^-7677;Fraiice;l$E(l)46092400;Geniui]T:SoftliiK(078 02)4036:Itah:ChaiiiKi 02-90091773; Japan: CRC 03-3 
Netherlands: fUaasing 01620-81600; Sweden: AkademiOata (018) 24 00 3S; Switzerland: Redacotn 032 410111; U.K.: Adept Scientific (0462) 4800S5. In other ioaaoot, contact MathSoft, USA. 
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Technically s peaking 


Artificial Stupidity 

An old hardware engineering adage decrees 
that “computers don’t make mistakes, 
programmers do. ’ ’ Although programmers 
make similar wisecracks about computer 
designers, the quip brings up an interesting 
point: can a computer, or any machine for 
that matter, make mistakes? How can a com¬ 
puter be blamed if it is doing exactly what 
it is told to do? 

In the Oxford English Dictionary, the ul¬ 
timate resource for English scholars, a mis¬ 
take is defined as ‘ ‘being in error or estimat¬ 
ing wrongly.” The word, appropriately 
enough, comes from the old English word 
take, meaning ‘ ‘to grasp or lay hold of, ’ ’ and 
mis, meaning “to grasp wrongly.” 

Roga’s Thesaurus expands upon that defi¬ 
nition to include ‘ ‘an act or thought that unin¬ 
tentionally deviates from what is correct, 
right or true.” This implies that a motive 
is not necessary to the making of a mistake. 
Regardless of the cause, if a computer adds 
2+2 and comes up with pi, it is a mistake. 

Similarly, computers can commit erroiB. 


The word originates from the Latin word er- 
rare, which means to wander—a meaning fa¬ 
miliar to engineers and scientists who work 
in plotting data, where error is calculated by 
the amount data “wanders” from a 
predetermined point. 

The Oxford English Dictionary defines 
error as “a mistake in calculation or judg¬ 
ment done inadvertently through igno¬ 
rance.” Although we often suspect that 
computers really are sentient, spiteful be¬ 
ings, most of us acknowledge that they are 
not self-aware. As a result, the term com¬ 
puter error is correct, for computers know 
not what they do. 

Further investigation into the etymologi¬ 
cal underworld unearthed a few more com¬ 
puter traits. Because they are destitute of 
consciousness, thought, or feeling, com¬ 
puters are stupid. The dictionary also de¬ 
fines stupid as “stubborn or obstinate,” a 
trait we often attribute to our silicon-based 
friends. 

In addition to making mistakes, computers 
can err in more colorful ways, such as 
“screw-up,” “bungle,” and “goof.” Ex¬ 


perts in the field of artificial intelligence 
sometimes joke that their goal is to make a 
computer so smart that it can reason and 
make mistakes like a human. It appears that 
computers have already crossed the first 
hurdle. 


Of breailboxes anil elephants 

Many of us remember a game we played as 
children in which the goal was to guess the 
name of some object in a room after being 
given clues about its size. “Bigger than a 
breadbox’ ’ is one of the most common, fol¬ 
lowed by ‘ ‘smaller than an elephant. ” As en¬ 
gineers, we have a reputation for being stick¬ 
lers for accuracy, and so we present the 
following statistics on breadboxes and 
elephants as a public service. 

A recent survey of breadboxes conduct¬ 
ed at U.S. department stores demonstrated 
an informal yet consistent standard of 30.48 
by 22.86 by 22.86 cm, which results in a vol¬ 
ume of 21 240 cm® or 0.02124 m®. It is in¬ 
teresting to note that unlike breadboxes, no 
such standardization is apparent for the 


1 L aveli 

Ik 1 methods with the new TahleCutve v3.0! 

|j TableCurve will fit and rank 3320 linear 
and non-linear equations to your dataset 
in one highly automated processing step! Step 
through ranked equations, view residuals, statis¬ 
tics and graphs - and output data and graphs eas¬ 
ily in a variety of formats! Features include: 

A 3,320 Linear and Non-linear equations 
Includes polynomial, 
rational, peak (Gaus¬ 
sian, Lorentzian, etc), 
transition, waveform 
and many others. 

Select only the equa¬ 
tion groupings of 
interest or let Table 
Curve fit all equations 
to your data! 

A User defined 
equations Define your 
own equations - 
TableCurve fits and ranks them along with the 
extensive list of built-in equations. 

A Extensive fitting and ranking choices Choose 
curve fitting algorithm (Singular Value Decomp., 
Gauss-Jordan, LU Decomposition), best fit rank¬ 
ing criteria (DOF adj. r“, Fit Std Error, F-statistic 
and Std r*), smoothing functions (polynomial 
interpolation, FFT and Lowess) and more! 

A High speed processing Automatically fit and 
rank all 3,304 linear equations to a 50 point 
dataset in 46 seconds (using 80386SX, 16MHz 
with math coprocessor). Iteratively fit non-linear 
equations are also processed in amazing speed! 

A Unique graphical review process Graphically 


:^TableCuive 

Automated Cuive Fitting Software 

One Step Fits 3,320 Linear and 
mm^mi Non-iinearEquatienste 
Your Data-Autematicaiiy! 

to SigmaPlot,® Lotus and more! 

A Export programming code for any selected 
equation Automatic code generation for pro¬ 
gramming in C, Pascal, FORTRAN, and several 
BASIC languages. 

A Outstanding ease of use With a superb user 
interface, full mouse support and extensive on¬ 
line help, TableCurve brings powerful linear and 
non-linear curve fitting to your PC in an easy-to- 
use, intuitive format. 

TableCurve is reasonably priced, backed by a full 
money-back guarantee and one of the strongest 
technical support staffs in the industry. Call 
Jandel today for more information on TableCurve 
and other scientific software: 1-800-874-1888 
(inside U.S.) or 1-415-924-8640. 

Our Eurupean office is: 



view the fit of each equation to your data by 
pressing a key. Also obtain a full numerical 
review of confidence/ prediction limits, residuals 
and other statistics. 

A Flexible data input/output Import a huge 
dataset from ASCII, Quattro Prof Lotusf dBasef 
and other formats. Customize selected graphs 
and output to a variety of devices including 
LaserJet,® Postscript " printers, or export directly 


65 KOCH ROAD, CORTE MADERA, CA 94925 • PH 415-924-8640 • FAX 415-924-2850 • CALL FOR FREE BROCHURE: 800-874-1888 
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The a)n^)etitia 
\\llcanus ruthless. 


"tocancaflus 
atl-800-234-4VME 




It's enough to make other VME board 
builders call us names. Or call it quits. A 
new 38 MIPS”^ VME single board computer 
based on the 88100 RISC microprocessor. 

Or a new 26 MIPS”^ VME board based on 
the 68040 CISC miaoprocessor. 

Both are built by Motorola and 
offered at $3,995 each. That's just $105/MIPS 
for the RISC board, which compares nicely 
with the $1,000/MIPS you've been asked 


to pay for somebody else's board. And it's 
just $154/MIPS for the CISC board. 

The MVME187 (RISC) and MVME167 


(CISC) boards employ VME D64 
architecture. And both come with j 
four 32-bit timers. 

For a free color brochure, call > 
the 800 number above. And see why the 
competition undoubtedly wishes we'd 
call the whole thing off. 


MOTOROLA 

Computer Group 

Motorola atid tlv @ are registered trademarks of Motorola, Inc. © 1992 Motorola, Inc. All rights reserved. *M1PS rating based on Dhrystone 1.1 test results where 
1757 Dhrystonests is 1 MIPS (VAX’" 11/780). MIPS performance is based on tlw Diab 2.36E compiler. 
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Technically speaking 

bread itself. The untimely arrival of store 
security interrupted the survey before an ac¬ 
curate weight could be ascertained. 

Categorizing elephants is a more involved 
process. Because their size and shape vary 
immensely, a standard dimension is hard to 
arrive at. To make the matter even more 
complicated, there are two species of 
elephants: African and Asian. The African 
elephant, the larger of the two, stands ap¬ 
proximately 4 meters tall at the shoulder and 
weighs in at 7500 kg. 


These statistics point out a serious flaw 
in using elephants as a reference. The ceil¬ 
ing in most U.S. homes is 2.4 meters high, 
which means that everything inside a house 
is smaller than an elephant. (As children, we 
were permitted this oversight.) 

The next logical step in this process would 
be to develop abbreviations for these and 
apply to have them adopted as standard units 
of measure. The standid volume of a bread- 
box, abbreviated bbox, and height of an el¬ 
ephant, abbreviated ele, could replace the 
cubic meter and meter as new standards. 

While this may sound rather outlandish. 


there is precedent for the adoption of such 
standards. The English foot was originally 
derived from the length of a monarchical ex¬ 
tremity, and horses are still measured in 
hands in parts of the world. While the 
American National Standards Institute has 
so far overlooked these popular units, it is 
hoped that they will devote the appropriate 
amount of attention to the issue in the fiiture. 


St/cte and stones 

Almost every industry magazine these days 
seems to include an advertisement for a new 
calculator that for outstrips the last model 
introduced. Ones available today for under 
US $100 are more powerful than early cal¬ 
culating machines costing thousands of times 
more. But for all their sophistication, today’s 
handheld number-crunchers are still but a 
stone’s throw from their not-so-distant 
grandfather, the abacus. 

The words calculator and calculus come 
from the Latin calculus, meaning a small 
stone or piece of lime. In prehistory, small 
stones were used as counters during voting 
and financial transactions. Placing the stones 
into special counting boards made it possi¬ 
ble to execute more complicated functions, 
but transportability proved to be a problem.' 
It was later discovered that replacing the 
rocks with beads on a string would make the 
apparatus portable, and so the abacus be¬ 
came one of the first handheld calculators. 

When calculators are mentioned today, 
one thinks of something small enough to fit 
into a pocket, but it has not always been so. 
A headline from Scientific American in 1946 
proclaimed: “Electronic calculator uses 
18 000 tubes to solve complex problems. ’ ’ 


4S/CS (Sic) 

The proliferation of acronyms throughout 
the engineering profession has presented a 
number of interesting grammatical questions 
that are not routinely covered in textbooks. 
One frequent mistake involves the plurali- 
zation of acronyms. 

The plural of any acronym such as ASIC, 
PLC, or DFT is best formed by adding a ter¬ 
minal s, always in lower case, to form ASICs, 
PLCs, or DFTs. Adding an upper-case S 
could lead to confusion as it may be taken 
for part of the acronym. (Only for acronyms 
such as BIOS, which already have a termi¬ 
nal S, should the plural be formed by append¬ 
ing ’s to avoid confusion, yielding BIOS’s.) 

Some writers create plurals of acronyms 
by using apostrophes, but the use of an apos¬ 
trophe implies a possessive form of the 
word. One would use an apostrophe when 
talking about an ASIC’s voltage require¬ 
ments, but not when discussing an order for 
10 000 ASICs. 


COORDINATOR: Kevin Self 

CONSULTANT: Anne Eisenberg, Polytechnic University 


When it comes to choosing 
a Network Analyzer, 
this disk is all you need. 


■ . 

§L AN W a t c h,. 

] ■ Network Analyzer Demo Disk 

i 

One good look at our demo disk existing network anytime you like, 

will convince you that LANWatch for a quick glance or a detailed 

, is the only network analyzer look. LANWatch fully supports 

software you'll ever need. Ethernet, Token Ring and StarLAN 

Indeed, you'll quickly see why networks running TCP/IP, XNS, 

PC Magazine designated it their DECnet and VINES. You can even 

Editor’s Choice. add your own protocol recogni¬ 

tion.. .the code's included. 

View the comprehensive screen 

displays, conveniently color-coded So, use this publication’s bingo 
by protocol. Zoom in on individual card to send for your free demo 
packets for all the information you disk of the only network analyzer 
need to locate and diagnose you'll ever need: LANWatch. 

transmission oroblems. Exoeri- 

ment with the powerful filters. ^Softwara, Iik* 

For all its abilities, LANWatch is '—*—^— - ' 

inexpensive^There’s no need to wi88o-3004 

purchase a dedicated hardware phone:(6i7)246T)9oo 

system. Simply tap into your fax; (siz) 246-0901 



RBns<inlBMPCs.PS/2san4compatiblesun(terQOS2.0o(tatei,withWestemeigHal,3Com, 

■ MICOM-.lnterlan,Proteotiandethennteifaces. 
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Lynn Purser 

Orbital Dynamics Analyst 
Huntsville, Alabama 



I admit, when I first read about Mathe- 
matica, I was a little skeptical. I guess 
mathematicians are like anybody else. 
Sort of like auto workers being replaced 
by robots—some mathematicians were 
skeptical of something that might re¬ 
place them. So when my firm offered 
an in-house training seminar on Mathe- 
matica, I decided to see what all the talk 
was about. 



That class was fun. 1 tried to do 
things beyond what the teacher was cov¬ 
ering—the rudimentary stuff about 
Mathematica syntax. 1 wanted to do ani¬ 
mation and play with the graphics. 1 was 
taken with the visual dimension of it. 


Simulations of the dynamics of the shuttle. 


Working on NASA projects, 1 
have to solve problems and present my 
solutions in a way 
others 
under¬ 
stand. 

People 
respond to a 
visualization better 



than abstract equations, hand- 
waving, or scribbling on a 
blackboard. With Mathematica's 
graphical capability, especially 
animation, 1 can make a dynamic 
presentation that gives a concrete idea 
of what I'm talking about. 

Then there's the symbolic power. 
For example, the first project I tackled 
vyith Mathematica involved a nasty alge¬ 
braic equation. I solved it on my own 
and then let Mathematica solve it. We 
both came up with the same answer. 
But my solution took a few hours and 
Mathematica's took a few minutes. 



Now I use Mathematica regularly. 
I don't think it will ever replace mathe¬ 
maticians; it acts as an assistant 
of sorts. It helps you 
explore and de¬ 
velop concepts, 
by handling the 
tedious details. 
In that way, 
you're free to 
concentrate on 
more important 
things. ^ 

srsection of fie 
3 of two sense 
shuttle payload bay. 

Mathematica is available for: MS-DOS, 

Microsoft Windows, Macintosh, CONVEX, 

DG AViiON, DEC VAX (ULTRIX and 

VMS), DEC RISC, HP 9000, HP Apollo, 

IBM RISC SystemjGOOO, MIPS, NeXT, 

Silicon Graphics, Sony, Sun-3, and SPARC- 

stations. 

Prices in U.S. and Canada start at $595. 
Educational discounts are available. 
Orders: 1-800-441-MATH 

Mathematica. 2.0 

The Standard for Technical Computing 
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The bean 
counters 


nee upon a time grcat ships of 
state sailed the seas of com¬ 
merce. On the bridges of 
these great ships were the 
captains of industry, the wise 
and visionary leaders of that day. Many of 
them were engineers, who personally em¬ 
bodied a breaddi of knowled^ and wisdom 
that enabled them to navigate the murky 
waters unerringly toward the distant lands 
upon which their eyes were so firmly set. 

Those were the days of yore—a legendary 
season in history when engineers were in 
charge. But now the mists of remembrance 
have all but dosed over those times gone 
by. Today the stormy oceans of commerce 
are full of small and large boats sailing aim¬ 
lessly under many different flags. 

If you have visited the bridge of your boat 
lately, whom did you encourrter there? Did 
the captain and mates have their eyes turned 
toward the still-unseen distant lands ahead? 
Or was their gaze instead cast downward 
upon the foaming whitecaps just beyond the 
bow? Or perhjps they were fixated not upon 
the sea ahead, but backward toward the 
boat’s built-inwall safe. Were the captain and 
mates, perchance, wearing tell-tale, three- 
piece suits? If so, then you have met the new 
type of business leader—people who are 
guided only by tire short-term accumulation 
of money. Since talking about money is 
crass, we call them bean counters. 

In the days of old the crew of the ship 
would gather around the captain to listen to 
his tales of the great land beyond—the joys 
and benefits that would ultimately compen¬ 
sate for the hardships of the long voyage. 
The echoes of those wondrous tales still res¬ 
onate about us, but those wdio tell them no 
longer abound. Now, should a passenger or 
crew member ask the captain about the final 
destination of the voyage, the same answer 
reverberates from boat to boat. “Wherev¬ 
er there are beans, ’ ’ intones the chorus of 
new captains. “But where shall we steer?” 
asks the crew, pleading for a motivating vi¬ 
sion. “Toward the beans, ’ ’ comes the pre¬ 
dictable wisdexn from above. 

“What happened to the wonderful land 
beyond that our old captain promised?’ ’ asks 
the crew. The captain fixrwns. ‘ ‘There were 
no beans there,” he says in disgust. “He 
was court-martialed. We don’t allow people 
like that to command boats anymore. Now 
get back to work.” 


The engineers have now been relegated 
to the engine room below deck, where there 
is no sunlight or any notion about where the 
great ship is headed. Still, they take great 
pride in the Reaming new engines, which 
they continually improve and polish. “Does 
the captain know the potentkl capabilities 
of our wonderfiil new engines?” asks one 
of the faceless engineers. An equally face¬ 
less companion looks up fi'om her engine- 
software. “How could he?” says the soft¬ 
ware designer with resignation. “He has 
never been down here.” 

Dispirited, but determined, the engineers 
discuss among themselves the possible new 
lands that mi^t lie out in the ocean, if only 
there were resources for certain improve¬ 
ments in the drive and navigation equipment. 
They decide to commission a small group to 
approach the august captain to plead for their 
plm. Unfortunately, the captain is too busy 
to meet with the engineers. He has a full 
calendar of appointments with various peo¬ 
ple who specialize in predicting bean crops. 
The humble engineers are not surprised; 
they had only expected as much. None 
among them had ever met the captain, 
though they had often seen his picture in the 
popular magazine Beaness Week. 

An assistant to the first mate is delegated 
to meet with the engineers. He frowns his 
displeasure at their appearance—conspic¬ 
uously sloppy in comparison with his own. 
Thoug^i he himself is only an ^prentice bean 
counter, he keeps his shoes well-polished 
and his vest fully buttoned. Surely it carmot 
be long before he himself takes command of 
a ship. After all, he has a master’s degree 
in bean administration from a great school 
with alumni in important positions through¬ 
out the bean economy. As for the dress of 
the engineers—what can you expect? They 
have spent too long in the engine room; they 
know nothing of the real world. 

The engineers explain to the assistant 
their plans for an upgrade of the equipment 
of the engine room. The assistant is mildly 
amused at the computer-prepared charts 
that the engineers show. 

Typical, he thinks, 
even to the indu- / ^ 

of several 



mysterious-looking equations that the en¬ 
gineers seem to think justify striking out in 
a new direction. His face set in an expres¬ 
sion of impatience and concern, he 
daydreams until the engineers reach their 
firial chart—a spreadsheet showing the ac¬ 
cumulation of a future crop of beans. 

Now he pounces on the hapless engineers. 
“You know nothing of beans!” he shouts. 
‘ ‘The last time you made a proposal like this 
we had a crop failure! It was only through 
the efforts of our great new captain that we 
were able to obtain new bean seed. Even if 
your plans made sense (his expression is one 
of incredulity), you should know that there 
are insufficient beans in this year’s alloca¬ 
tion for your proposal. Furthermore, the 
harvest this quarter is down. This is not a 
time to bother the captain about such 
matters.” 

The engineers hang their heads in disap¬ 
pointment, remembering also the land that 
was sold, and the farm workers who were 
laid off. “Why does the world have to re¬ 
volve around beans?” they think 
despairingly. 

So ends the parable, but how has this turn 
of events come about? How could mere bean 
counters, ignorant of technology, take over 
complex, technologically oriented business¬ 
es? Perhaps there is a clue in Jerzy Kosin- 
ski’s book Being There, in which an unedu¬ 
cated gardener. Chance, is struck by a car 
and suffers amnesia. Treated as an unknown 
savant by his benefactors. Chance meets the 
President of the United States. Chance is 
taciturn, but the President urges him to state 
his opinion of the current situation in the 
financial markets. Chance replies in the only 
terms he knows: “In a garden growth has 
its seasons, ’ ’ he says. ‘ ‘There are spring and 
summer, but there are also fall and winter. 
And then spring and summer again. As long 
as the roots are not severed all is well and 
all will be well.” 

Great wisdom is read into these words, 
and Chance, now Chaimcey Gardiner, be¬ 
comes a government advisor and a media 
celebrity, as he endlessly repeats homilies 
about the raising of crops. 

Is it possible that we engineers have ceded 
our futures to a rising legion of Chauncey 
Gardiners? Have we accorded too 
much wisdom and too much 
power to those who have the 
skills for tending a garden of 
beans? Or is counting beans a 
lot more important than en¬ 
gineering vision in the world 
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Attempting to analyze stacks of raw data 
can be frustrating if they can’t be transformed 
into meaningful information that you can 
easily understand and use. Trends, relation¬ 
ships, insights, even breakthroughs, can 
remain buried unless you can unlock your data. 

The key is PV-WAVE7 and The Visual Data 
Analysis Software from Precision Visuals. 

PV-WAVE combines graphics with image 
processing, surface rendering, and anima¬ 
tion, allowing you to visually analyze and 
interpret your data. 


With PV-WAVE, you can actually see 
your data, navigate through it, and display 
meaningful results. And, depending on 
your application, choose from point and click 
or command language versions for your 
Sun, DEC, HP, IBM, and SGI workstations 
and multi-user systems running UNIX, 
ULTRK, and VMS. 

If you’re a scientist, engineer, researcher, 
or analyst who needs to turn raw data into 
well done results, call us today and ask about 
our no-risk, 60-day money-back guarantee! 
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Feedback 


i e owe our readers a report on 
the recent survey, ‘ ‘How are 
we doing?,’’ published in the 
March issue. 

We were particularly in¬ 
terested in how readers perceived the tech¬ 
nical level of presentation of articles in IEEE 
Spectrum, since that is a benchmark ques¬ 
tion we’ve asked on previous, similar sur¬ 
veys. In 1985, 83 percent of respondents 
reported the technical level as just right, 10 
percent as too technical, and 6 percent as 
not technical enough. In the current survey, 
80 percent responded just right, 11 percent 
too technical, and 8 percent not technical 
enough. 

We also asked about the breadth or scope 
of coverage. In 1985 the scope was seen as 
just right by 89 percent, but in the ciurent 
survey that figure dropped to 80 percent. 

The reason, we think, is that, with the 
erosion of advertising revenues by the 
recession, we’ve had to deliver a more limit¬ 
ed menu of articles and subject matter over 
the past several months. For example, in 


1985 Spectrum published more than 100 fea¬ 
ture articles and 150 departments, while in 
1991 those figures dropped to 75 and 110, 
respectively. Not surprisingly, several read¬ 
ers commented on the downsizing of Spec¬ 
trum. One reader, observing the thirmer is¬ 
sues, said Spectrum is not worth $100 per 
year (the cost is only $9 per year). 

Nevertheless, the editors were pleased 
that the numerous comments made by read¬ 
ers who responded to the survey were large¬ 
ly very favorable. Citing a few (from 
dozens): “Your magazine is one of the few 
I look forward to reading cover to cover... A 
well-written, balanced magazine.’’ “Spec¬ 
trum is outstanding. Treatment of current 
issues is thoughtful and compelling. As a 
weapons/aerodynamics/systems/supercom- 
puting professional. Spectrum is a joy to 
read.” “Just keep on doing what you’re 
doing! The technology keeps me current. 
The articles on technology policy are in¬ 
formed, thoughtful, and objective.” 

As we had hoped, some readers had sug¬ 
gestions for improvement. 


One reader liked the topics covered in 
special issues but urged more independent 
analysis and evaluation. Another suggested 
more articles dealing with “how one dis¬ 
cipline relates to another, systems thinking, 
and increasing creativity.” Many readers, 
noting they’ve become too specialized, 
urged that more space be devoted to tutori¬ 
al and ‘ ‘basic explanations’ ’ of material out¬ 
side their immediate fields. 

Proving that what is one engineer’s meat 
is another’s poison, while many readers 
rated the issue on the Gulf War highly, one 
labeled it “political crap.” Likewise, while 
another called for more interviews with ex¬ 
ecutives and Govermnent officials, still an¬ 
other called for less reliance on (Jovemment 
and corporate spokesmen. 

Many readers agreed on one point—that 
we ought to find more space for letters, a 
traditionally popular element in the 
magazine. 

As we continue to process the returns 
from the survey, we’ll bring you additional 
results. 


Milestones 


I vid masthead readers will 
have noticed the recent disap¬ 
pearance of a name from its 
usual position, and the addi¬ 
tion of some new ones. 
Ronald A. Jurgen retired in January after 
a 28-year career with IEEE Spectrum. An 
electrical engineer who received his degree 
from Rensselaer Polytechnic Institute in 
Troy, N.Y., after serving in the Navy as an 
electronics technician in World War H, Ron’s 
publication experience included a stint with 
Electronics magazine. He later became 
managing editor of Electrical Engineering, 
the flagship publication of the American In¬ 
stitute of Electrical Engineers. 

Readers of Spectrum will recall Ron’s 
stewardship of the annual January review of 
technology, which we began in 1974. Ron is 
an expert on automotive electronics, and 
covered many of the annual new car in¬ 
troductions in Detroit. He also participated 
in 40 consecutive Consumer Electronics 
Shows, something of a record, we believe. 
He served as issue editor for a special Spec¬ 


trum issue on data-driven automation, for 
which he received a John D. Ryder Commu¬ 
nicator of the Year Award. And he was edi¬ 
tor of a Spectrum Series IEEE Press Book, 
Computers and Manufacturing Production. 

Ron will continue as a contributing editor 
to IEEE Spectrum. 

In June, another veteran’s name will dis¬ 
appear from our masthead. Executive Edi¬ 
tor Edward A. Torrero will be pursuing new 
avenues of interest. 

Ed got his start in journalism in 1971 as 
solid-state editor for Electronic Design, 
covering the then-emerging world of 
microprocessors. 

Before that, Ed acquired design ex¬ 
perience at Wheeler Laboratories and Sedco 
Systems. He was also a research fellow at 
the Polytechnic Institute of Brooklyn and a 
first lieutenant in the U.S. Army Corps of 
Engineers. He earned his BEE from the City 
College of New York and his M.S. in elec¬ 
trophysics from the Polytechnic Institute of 
Brooldyn. 

During his nearly 16 years with Spectrum, 


Ed’s dogged determination helped launch 
many new projects, including the Spectrum 
Series of IEEE Press Books and the Japa¬ 
nese edition of Spectrum, as well as our pro¬ 
gram for editorial interns. 

We hope that as Ed finalizes his plans, he 
may find time to assist us occasionally. 

As Ron and Ed leave us, two new mem¬ 
bers join the staff. Both are electrical en¬ 
gineers and experienced journalists. Richard 
Comerford was executive editor of Electron¬ 
ics Test magazine. He earned a BEE from 
Manhattan College and worked with the 
Systems Management Division of Sperry 
(Unisys). 

Michael Riezenman is a former managing 
editor of Electronic Design. He earned his 
BSEE from the Massachusetts Institute of 
Technology and was an engineer with ITT 
Defense Communications. 

Richard and Mike previously contributed 
to Spectrum, so we know them well, and 
welcome them as full-time staffers. 
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PERSPECTIVE/INTEGRATED CIRCUITS 


ICsgoingona3-Vdiet 


After over a decade at 5 V, 
higher IC densities require 
a ‘cooler’ J-K standard, 
with transitional systems 
likely to mix 3 and 5 V 



igh above the clouds, with 
several more hours to fly 
and a deadline to meet, the 
engineer was just getting to 
the critical calculations for 
the starship engine design 
when on went the lo-bat 
light on his portable com¬ 
puter. He reached for his extra battery pack 
andthen-“Rats!”bethought, “Theregoes 
my promotion. If only I hadn’t decided the 
spare was too heavy to lug along! ’ ’ Resigned 
to his fate (and having left his copy of Spec¬ 
trum behind, too), he pulled the flight maga¬ 
zine from the rack and idly flipped its pages 
as he stared vacantly into his empty future. 

Exaggerated though it is, that scene and 
variations on it are driving the computer in¬ 
dustry to adopt a supply voltage lower than 
the current standard of 5 V. Not only can 
reducing the operating voltage of electron¬ 
ic components extend battery life, it can also 
help make portable equipment smaller and 
lighter. Moreover, it can enhance reliability 
by enabling components to run cooler de¬ 
spite the trend toward increasing operating 
frequency. And it is essential if semiconduc¬ 
tor geometries are to go much below 0.5-/mi 
channel lengths and 10-mn dielectric thick¬ 


nesses. 

But before a new industry standard for IC 
operating voltage can be adopted, it must be 
defined. In addition to the supply level, in¬ 
terface levels—the high and low logic volt¬ 
ages on the input and output pins—must be 
specified. System considerations must be 
t^en into account. Finally, the result must 
be irKorporated in a document put out by a 
recognized standards organization. 
SYSTEM-LEVEL CONSIDERATIONS. Size, 
wei^t, and battery life—all selling points 
among battery-operated systems like palm¬ 
top computers—are contingent on the drain 
on the battery pack [Fig. 1]. If the power 
drain is low, tte same battery will last longer 
or a smaller battery will last as long as a larg¬ 
er one did before. One simple way to reduce 
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that drain is to lower the operating voltage 
of the ICs in the system. Even taking the 
needs of the display and disk drive into ac¬ 
count, that can slash 30 percent of a porta¬ 
ble computer’s overall power consumption. 

The effects of lowering the voltage can be 
impressive. A computer system operating at 
5 V commonly takes five 1.5-V alkaline pri¬ 
mary (throw-away) batteries or five 1.2-V 
nickel-cadmium (NiCd) secondary (recharge¬ 
able) batteries. By contrast, a 3.0- or 3.3-V 
system takes only three batteries, reducing 
the weight of what is often the heaviest com¬ 
ponent in the system by 40 percent. If the 
voltage is further reduced to about 2.4 V, an¬ 
other battery can be eliminated, for a total 
saving of 60 percent. It has been estimated 
that battery-operated systems designed for 
5-V operation will run three to four times 
longer on the same charge if powered by 3 
V. The penalty will be a reduction in speed 
of up to 50 percent. 

Battery-operated portable equipment is 
only one of the areas in which lowering IC 
voltages looks attractive. Workstations today 
use 50-MHz processors. By 1993 or 1994, 
100 MHz will be the norm, and 500 MHz or 
higher will be common by the end of the de¬ 
cade. Since the power consumed in operat¬ 
ing a computing system is proportional to the 
system’s clock frequency, heat generation 
is becoming an issue, as it may rule out the 


use of low-cost plastic packaging and in¬ 
crease the need for fans and other cooling 
apparatus. Eliminating those noisy and 
failure-prone components not only saves 
money, it boosts system reliability as well. 

For workstation ICs, lowering the voltage 
is not as simple as running a 5-V device on 
3 V. That would reduce the clock frequen¬ 
cy, which is acceptable in many portable- 
computer applications but not in worksta¬ 
tions. What workstations need are ICs 
designed from the outset for operation at the 
lower voltage. 

The growing size of memories in all class¬ 
es of computer also pushes up power con¬ 
sumption. Windowing environments and 
other advanced human-interface features 
like speech and handwriting recognition (for 
pen-based systems) demand prodigious 
amounts of memory and increasingly power¬ 
ful microprocessors. That demand is being 
filled not by multiplying the number of mem¬ 
ory devices in a system but by putting more 
memory into each device. 

A modem hundred-thousand-gate micro¬ 
processor or gate array can have millions of 
transistors tightly packed on a single silicon 
chip. The heat of those rapidly switching 
transistors not only affects reliability, it can 
raise the operating temperature above the 
rating of low-cost plastic packaging, forcing 
a move to more expensive and heavier cer- 
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amics. The heat generated is prc^rtional to 
the square of the voltage applied to the ICs. 

A stiU bigger problem with high-density 
systems is posed directly by the supply volt¬ 
age. More than 16 million transistors now 
crowd onto chips not much larger than the 
one-million-transistor memories of five 
years ago. That 16-fold inaease is accom¬ 
plished by scaling the MOS storage ■■■ 
transistors both laterally and vertically. 

Lateral scaling affects the channel 
length, which below about 0.5 ;tm runs 
into trouble. At that point, applying 5 : 

V across the transistors degrades per¬ 
formance and reliability. Although 
those effects can be mitigated by 
redesigning the transistors, reducing 
the voltage to 3.3 V permits reliable 
performance down to a channel length 
of about 0.4 /un. Vertical scaling in¬ 
volves thinning the silicon dbxide layer 

used for the MOS gate dielectric. Too - 

thin (10 nm or so) and the dielectric can no 
longer sustain an applied 5 V. 

Various techniques have been developed 
for creating higji-density devices that will 
work with 5-V supplies at no bss in reliabil¬ 
ity. They can be categorized as most ap¬ 
propriate at the transistor, gate, or chip level. 

At the transistor level, grading the ioni¬ 
zation (doping) of the source and drain junc¬ 
tions of the MOS transistor lets it sustain a 
higher voltage. The use of such graded- 
junction transistors has permitted circuits 
with geometries down to 0.7 /tm to be used 
reliably with standard 5-V supplies. For ex¬ 
ample, IM-bit and 4M-bit dynamic RAMs 
(DRAMs) remained at 5 V, in part because 
of such methods. 

At the gate level, additional transistors can 
be added in series to reduce the voltage 
across any single transistor. Both this meth¬ 
od and the graded transistor may be used 
with logic and microprocessor ICs as well 
as with memories. 

At the chip level, at least for memory 
devices, voltage converters may be sta¬ 
tioned at the periphery of the chips to shift 
between the applied 5 V and a lower volt¬ 
age for the internal memory array. That se¬ 
cures some of the density and power 
benefits of the lower voltage for the array 
while still presenting a 5-V interface to the 
external world. 

The first generation of 16M-bit DRAMs, 
now on the market, employed that tech¬ 
nique. Their 0.5-/tm internal arrays are 
powered by about 3 V even though the cir¬ 
cuitry around the chip periphery operates 
at 5 V. The next generation of 16M-bit 
DRAMs will reduce power consumption and 
chip size by operating only at 3.3 V. 

^ocessors, high-density logic, and gate 
arrays, however, resist simple solutions like 

[1] Portable gear like this PalmPAD computer 
from GRiD Systems Inc. mil benefit greatly 
from low-voltage ICs. The technology can be 
used to shrink the computer, lengthen the life 
of its battery, or both. 


on-chip voltage converters because they are 
not readily segmented into sections that can 
be isolated. In general-purpose logic, the ap¬ 
plied voltage needs sustaining on every tran¬ 
sistor. Thus, for high-density devices of that 
type, a lowered external voltage is required. 
LOWER THE VOLTAGE. But all the problems 
mentioned so far are solved if the operating 


voltages of computer systems and the ICs 
in them are reduced. Since the market in 
electronic conputer systems is large, di¬ 
verse, and international, doing so will require 
both international interface standards and 
nearly simultaneous large-scale production 
of all the diverse 3-V components that will 
be used in such systems. 

There are standardization issues for both 
the power supply voltage applied across the 
individual components and for the signal 
voltages that interface them with one anoth¬ 
er. The supply-voltage standard will depend 
strongly on whether the system is powered 
by a regulated power supply or an unregu¬ 
lated battery. 

All line-operated computer systems and 
even some high-performance battery- 
operated units (like electronic organizers, 
laptop and notebook computers, portable 
compact discs, language translators, and 
portable digital audio tape systems) are regu¬ 
lated. As early as 1984, the U.S. Joint Elec¬ 
tron Device Engineering Council Qedec) 
adopted 3.3 V ± 10 percent for the supply 
voltage in line-driven regulated systems 
OESD 8.1) and battery-operated regulated 
systems (JESD 8.0). 

In addition, the Jedec JC42.3 RAM Com¬ 
mittee has gone on record as supporting a 
3.3-V, 10 percent power supply for 64M-bit 
dynamic RAMs and 16M-bit static RAMs. 
More recently, the JC16 Low Voltage and 
Electrical Interface Committee of the Jedec 
has agreed on a revision to the JESD 8.1 
standard: this revision maintains the 3.3-V, 
10 percent voltage levels for systems with 
TTL-type interfaces operating from regulat¬ 
ed supplies. 

Since more than 60 companies worldwide 
have been cooperating in the JC16 low- 
voltage standardization effort, it is likely to 
enjoy widespread support. As a result, 3.3 
V at 10 percent now seems sure to be the 
standard for medium-speed systems with 
regulated supplies that are descended from 
CMOS and bipolar components with TTL- 
type interfaces. 


Unregulated battery-powered systems 
frequently have supply-voltage tolerances in 
excess of 10 percent to accommodate the 
wide range of battery voltage encountered 
over a charge-discharge cycle. To access the 
lowest part of the battery discharge cycle, 
and to use the available battery energy more 
efficiently, the IC specification is often ex- 
tended down from 3.0 to 2.7 V or even 
lower. Speed of course falls off. But 
after all, it may be better to have a 
palmtop computer run slowly than not 
at all when the batteries have sunk to 
the 2.7-V level. 

The high end of the voltage range 
used for battery-operated components 
has been specified by various manufac¬ 
turers at anywhere fom 3.6 to 5.5 V or 
even higher. Many battery-operated 
components specified from 2.7 to 5.5 
V are already on the market, chiefly for 

- handheld computer-like devices like 

smart memo pads, telephone dialers, 
and dictionaries. 

Recently, the development of high-density 
ICs with a maximum voltage rating of 3.6 V 
has been announced by several companies 
for battery-operated systems. Hitachi, for 
example, has said that it is working on IM- 
bit and 4M-bit pseudostatic dynamic RAMs 
(DRAMs) that will operate in the 2.4-3.6-V 
range. The chips are intended for use in 
memory-intensive battery-operated equip¬ 
ment like palmtop PCs. 

The last year saw the introduction of 
several palmtop PCs that use components 
specified for that range. The computers can 
function for weeks on ordinary AA batter¬ 
ies, running spreadsheets and word-pro¬ 
cessing programs. Many can exchange data 
with desktop PCs. 

Early battery-operated systems with ICs 
specified for even wider ranges of operat¬ 
ing voltage have been around for years in 
such apparatus as telephones and hearing 
aids. Those early low-performance ICs were 
primarily designed in CMOS and operated 
from 1.5 to 5.5 V or from 2 to 6 V. 

The Jedec Standard JESD 8.0 dating from 
1984 governs standard voltage ranges and in¬ 
terfaces for those battery-operated compo¬ 
nents. An update for the standard from the 
JC16 Jedec Committee has been projected 
folloAving the recent update of the JESD 8.1 
for regulated power supplies. 


Defining terms 

Operating voltage: the voltage at which a circuit 
element operates. This may or may not be equal 
to the voltage supplied to the chip. 

Primary cell: a cell that produces electric current 
by means of irreversible electrochemical reactions; 
hence a cell that cannot be recharged. Some pri¬ 
mary cells are reversible to a limited extent. 
Secondary cell: a cell that produces electric cur¬ 
rent by means of reversible chemical reactions; 
hence a cell that can be recharged. 

Supply voltage: the voltage supplied to a chip from 
an external power source. 


With any luck, 
a complete complement 
of 3.3-V digital ICs 
will be available 
by 1993 or 1994 
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[2] The interface levels listed in Table 1 are 
most easily comprehended when they are de¬ 
fined graphically. VOH^„ is the lowest volt¬ 
age that the driving chip will put out as a logic 
1, and VIH^„ is the lowest input voltage that 
the driven chip will recognize as a logic 1. 
Similarly, VOZ™, is the highest voltage that 
the driving chip will put out as a logic 0, and 
VIL„ax is the highest voltage that the driven 
chip will recognize as a logic 0. 

Also requiring standardization is the 
largest supply voltage that can be applied to 
the chips for a short time without damag¬ 
ing them. The absolute maximum voltage 
specified for MOS ICs is usually whatever 
if applied for a specified period of time, 
still permit the chip to function within 
specification for a 10-year life. That maxi¬ 
mum is determined by either the channel 
length of the MOS transistor or ±e thick¬ 
ness of the gate oxide dielectric. 

The older 1984 Jedec Standard 8.1 speci¬ 
fied an absolute maximum of 5.5 V to be ap¬ 
plied under controlled conditions so that the 
3.3-V components would be able to interface 
with older 5-V TTL components in a system. 
That allowed designers to mbc 3.3- and 5-V 
components in a system with little risk of 
damaging the lower-voltage components. 

To build a hi^-density 3.3-V IC capable 
of withstanding 5.5 V, special protective cir¬ 
cuitry must be added. That addition both 
reduces the performance of the circuits and 
increases their die size, thereby increasing 
their price. 

The 5.5-V upper limit in the 1984 version 
of the JESD 8.1 standard reflected the ex¬ 
pectation that the first 3.3-V components 
would appear long before sufficient part 
types were available to configure a complete 
system. It now appears that the transition 
period will be quite short—a year, perhaps. 
In response, the recent revision of Ae JESD 
8.1 standard by the JC16 Jedec committee 
lowered the absolute maximum voltage rat¬ 
ing to 4.6 V. 

INTERFACE CONSIDERATIONS. In addition to 
standardizing the power supply level, the dc 
voltage levels at the input and output pins 
must be specified [Fig. 2]. Low-voltage in¬ 
terfaces fall into three main speed- 
dependent performance categories: low, 
medium, and high. Low-performance com¬ 
ponents generally run below 10 MHz and 
often are powered by unregulated batteries. 
Medium-performance parts tend to be TTL- 
type devices running between 10 and 100 


MHz. High performance refers to advanced 
microprocessors running at speeds in excess 
of 100 MHz. 

Low-performance components are typi¬ 
cally made in CMOS technology since its 
outputs can swing from rail to rail and its in¬ 
puts are normally specified as a fraction of 
the power supply voltage, which defines the 
input characteristics over a wide range of 
voltages. The lower performance of the 
CMOS interface is due to the time the out¬ 
puts take to swing between power and 
ground. 

TTL interfaces, which can be made in 
bipolar or CMOS technology, are considered 
higher performance than full-swing CMOS 
interfaces because of their limited output 
svring. Historically, the limits for 5-V power 
supplies were a maximum of 0.4 V for the 
low output level and a minimum of 2.4 V for 
the high one. The TTL interface has also 
historically specified input voltage levels of 
0.8 V for the low-level input maximum and 
2.0 V for the high-level input minimum. The 
recently passed 3.3-V ‘ ‘Low Voltage TTL’ ’ 
standard agreed by the Jedec JC16 Commit¬ 
tee retains those values [Table 1]. 

Interfaces for high-performance systems 
are also needed. Several options for low- 
swing, high-speed interfaces have been 
available in the 5-V range—emitter-coupled 


logic (ECL), for example. Recently various 
papers have been presented on circuit tech¬ 
niques for achieving a lower-voltage ECL in¬ 
terface. ECI^compatible interfaces have 
been implemented in both bipolar and 
CMOS technologies. An ECL-compatible 
CMOS circuit with a 0.5-/tm minimum fea¬ 
ture size may possibly even operate at 1 
gigabit per second. Also, for the 3-V range. 
Gunning transceiver logic (GTL), which was 
developed by Xerox, has been widely used. 
TIMING IS EVERYTHING. With any luck, a full 
range of 3.3-V IC components will be avail¬ 
able by 1993 or 1994, and designers of low- 
voltage systems will find themselves forced 
to mix 3.3- and 5.0-V parts for only a short 
time. Microprocessors designed for 3.3-V 
operation have been announced by suppli¬ 
ers like Intel, Motorola, and American Micro 
Devices. In addition, Texas Instruments, 
Signetics, and others have indicated the 
availability of 3.3-V ACT logic lines. And 
AT&T has announced a 3.3-V standard cell 
library for battery-operated systems that in¬ 
cludes rail-to-rail outputs. 

The emergence of sophisticated design 
systems for application-specific ICs (ASICs) 
has shrunk the time between the first ap¬ 
pearance of DRAMs, which drive the tech¬ 
nology, and ASICs built in the same tech 
nology. So high-density logic chips could fol- 


Battery basics 

Both primary (thrcwaway) and secondary (recharge¬ 
able) batteries are widely used today for powering 
portable equipment and also for memory backup 
in line-powered computers. Alkaline cells are the 
most popular type of primary battery, followed by 
lithium. Nickel-cadmium cells dominate the 
rechargeable market, although nickel-metal hydride 
(NiMH) devices look attractive for the future because 
they use no toxic cadmium. 

As a rule, primary batteries store more energy per 
unit weight than secondary units although the lat¬ 
ter typically can deliver more peak power. Primary 
batteries are the usual choice for memory backup, 
an application that seldom requires much in the way 
of power. 

Except for the lithium cells, which have a nomi¬ 
nal voltage of about 3 V, the voltages for all the bat¬ 
teries under discussion range from about 1.6 V when 
fresh down to about 0.8 V when depleted. Batteries 
of cells are used when higher voltages are needed. 

For systems that cannot tolerate it, the 2:1 volt¬ 
age ratio of raw battery power can be regulated, most 
often by a step-up switching converter, to a stable 
level. Secondary batteries tend to have flatter dis¬ 
charge curves than primaries and therefore are not 
always regulated. When regulated, however, they tend 
to be stepped down as, for example, in a notebook 
or laptop computer. 

In that case, a typical system will have six NiCd 
cells connected in series to give a maximum fully 
charged voltage of 7-9 V, which is then stepped 
down to 5 V. In a handheld or palmtop computer, 
by contrast, two primary alkaline batteries are often 
connected in parallel and stepped up to the 3.0- 


33-V operating range required by their internal ICs. 

Since weight reduction matters in portable sys¬ 
tems, there is a push to reduce the number of cells 
needed in a system. Since the individual cell volt¬ 
age is dictated by the cell chemistry, cutting the num¬ 
ber of cells (in an unregulated system) will neces¬ 
sarily reduce the supply voltage Lew-voltage ICs thus 
have a lot to contribute to the weight-reduction ef¬ 
fort. (Jf course, that contribution will only be real¬ 
ized if the IC’s current drain remains the same as 
the voltage is being reduced, but this seems to be 
the case. 

DATTERY TRENDS. The NiCd rechargeable battery 
has been around for 25 years. From 1970 to 1990, 
the nominal capacity of a NiCd AA cell about 
doubled-from 400 to 800 milliampere-hours, with 
some specialty units going even higher. While the 
sealed NiCd will undoubtedly remain popular for 
some time to come, it will see competition from 
NiMH cells, which have nearly the same characteris¬ 
tics but without the environmentally troublesome 
cadmium. A NiMH battery has greater capacity than 
a high-capacity NiCd, and the new type also has 
somewhat less of an overcharge potential. It will, 
however, probably remain a more expensive option 
for the near future. 

A battery-related issue that has )et to be resolved 
is the problem of interfacing a pair of battery-powered 
systems. Good engineering practice dictates the as¬ 
sumption that one system has a fully charged bat¬ 
tery while the other’s battery is nearly depleted. The 
problem is to ensure that the ICs in one system will 
be able to recogiize a high and low level from the 
other-a challenge with unregulated batteries. 
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low the 0.5 Atm 16 M bit DRAMS 1 , DC voltages of 1C iiiterfaces* 

onto the market within less than | 
a year. If so, many suppliers 
should avail themselves of the op¬ 
portunity to move to the denser 
technologies, which cannot sup¬ 
port 5-V levels. 

In an odd technological twist, 

DRAMs may lag logic products in 
the 3-V range. The reason is that 
many early 3.3-V logic products 
are based on older technologies 
that can support 5-V power sup¬ 
plies but have been recharacter¬ 
ized for the 3-V range. 

DRAMs, on the other hand, are 
less easily transmogrified. A 5-V 
DRAM stores data in capacitors 

that are fully charged at 5 V, and 2. Low-voltage 1C technology projections 

3 V could leave insufficient charge 
in the cells. Many DRAM manu¬ 
facturers have therefore chosen to 
delay announcing low-voltage 
parts until their new 3.3-V de 



Logic type | 


Regular 

Low-vottage 

Voltage 

CMOS 

TTL 

CMOS' 

ttU 

Vcc 

1 5.0±10% 1 

3.3±10% 1 

Minimum high 
output, VoH(mln) 

Vcc - 0.1 

2.4 

Vcc - 0.1 

2.4 

Minimum high 
input, V|H(mm) 

0.7 Vcc 

2.0 

0.7 Vcc 

2.0 

Maximum low 
output, VoL(max) 

0.1 

0.4 

0.1 

0.4 

Maximum low 

input, V|L (max) 

0.3 Vcc 

0.8 

0.2 Vcc 

0.8 


supp^ operation. All values In this table are In volts. 

•d 8.0 (t984) ot the Joint Electron Device Engineering Council (Jedec). 
ent revision to Jedec standard 8. .. . 


by the Jedec JC16 committee. 


are ready rather than entering 
earlier with recharacterized com¬ 
ponents that may disappoint their Supply 
customers. By the time the voltage, V 
second-generation 3.3-V 16M-bit 
DRAM is in full-scale production 
in 1993, a full range of 3.3-V sup¬ 
port components will be on the 
market, and systems for that volt¬ 
age will be under development. 

The critical factor now seems to 
be subsystems, such as hard disks and dis¬ 
plays, that look like having difficulty running 
at the lower voltage. Although low-voltage 
disks are being developed, the sohd-state 
disk is probably more promising in the long 
run. Speeding the conversion to solid-state 
technology may well prove to be the best so¬ 
lution here. 

While 3.3-V components should be avail¬ 
able in enough variety not to need being 
mbced with 5.0-V parts in a single system, 
systems will not all convert to 3.3 V over¬ 
night. The low-voltage systems will have to 
communicate with 5.0-V systems, requiring 
logic capable of making the voltage conver¬ 
sion. The mixitjg problem, therefore, is still 
foreseen, but at the system level. 

The general sense is that the 3.3-V era 
began in late 1991 with many component an¬ 
nouncements. The general utilization of 
those components in systems designed es¬ 
pecially for them will probably become com¬ 
monplace in 1993. 

LONGEVITY. As technology drivers, DRAMs 
herald the capability of process technology. 

Early 4K-bit and 16K-bit DRAMs operated 
off a 12-V supply. The 64K-bit, 256K-bit, 
IM-bit, and 4M-bit memories used 5 V, 
which was suitable for geometries down to 
about 0.7 Atm. The first-generation 16M-bit 
DRAMs ran off 5 V, converting it on chip for 
the 0.5-Aim memory cell arrays; but later 
generations of the 16M-bit device should 
omit the voltage converters and run at 3.3 V. 

The 64M-bit and first-generation 256M- 


bit DRAMs can retain an external 3.3 V with 
converters producing 2.5 V for the memo¬ 
ry arrays. The limiting geometry for relia¬ 
ble 3.3-V performance may be about 0.4 fim; 
it is also the technology of the first- 
generation 64M-bit DRAM. Therefore, for 
the sake of reliabihty as well as the power 
savings of eliminating the voltage convert¬ 
ers, the industry may decide to go below 3.3 
V for the second-generation 64M-bit DRAM 
[Table 2]. 

In all likelihood the 3.3-V standard will last 
for at least three technology generations. 
These occur about three years apart and last 
for about nine years in production. If the first 
3.3-V parts on the market in 1992 are in the 
0.5-Arm technology of the 16M-bit DRAM, 
as seems likely, then these three genera¬ 
tions will be the 16M-, 64M- and 256M-bit 
DRAMs. Since the first-generation 256M- 
bit DRAM may well be introduced in about 
1997 and stay in production to about 2003, 
the new 3.3-V standards could last at least 
10 years. 

At the same time, the power requirements 
of battery-operated systems may drive semi¬ 
conductor manufacturers to offer 2.5-V ver¬ 
sions of the 64M-bit and then the 256M-bit 
chips as early as 1995. Now, once the num¬ 
ber of batteries is reduced to three, the ob¬ 
vious thing is to reduce it to two and then 
one. The assumption here is that users will 
want to power their systems with 2 and then 
1 V. Looking forward to that eventuality, 
Fujitsu has already produced a technical 


description of a 256K-bit full 
CMOS static RAM that operates 
down to 1 V, and Hitachi has 
described a 1.5-V DRAM also for 
battery-based applications. 

TO PROBE FURTHER. The best 
sources of information on Jedec IC 
voltage standards are the stan¬ 
dards themselves, which are pub¬ 
lished by the Joint Electron Device 
Engineering Council, 20011 St., 
N.W., Washington, D.C. 20006; 
202-457-4997, and available from 
Global Engineering Documents, 
2805 McGaw Ave., Box 19539, Ir¬ 
vine, Calif. 92714; 800-854-7179. 
Standards 8.0 and 8.1, which were 
most recently revised in 1992, 
cover battery-operated and line- 
operated systems, respectively. 

The digest of technical papers 
for the 1991 VLSI Symposium on 
VLSI Circuits sponsored by the 
Japan Society of Applied Physics 
and the IEEE Solid-State Circuits 
Council has two papers that hint 
at the shape of things to come. 
One, “Quasi-Complementary 
BiCMOS for Sub-3-V Digital Cir¬ 
cuits,” by Kazuo Yano, Mitsuru 
Hiraki, Shohji Shukuri, Yasuo 
Sawahata, Mitsuru Hirao, 
Nagatoshi Ohki, Takashi Nishida, 
Kohichi Seki, and Katsuhiro 
jhimohigashi describes a new 


BiCMOS circuit for the low-voltage deep- 
submicrometer regime. The other, “1-Gbps 
Pure CMOS I/O Buffer Circuits,” by 
Manabu Ishibe, Shoji Otaka, Junichi Take- 
da, Shigeru Tanaka, Yoshiaki Toyoshima, 
Satoru Takatsuka, and Shoichi Shimizu, 
presents very high-speed I/O circuits, which 
can eliminate the I/O speed bottleneck com¬ 
mon to most CMOS circuitry. The digest is 
available from the IEEE Service Center Sin¬ 
gle Publication Sales Unit, 445 Hoes Lane, 
Piscataway, NJ. 08854. Japanese readers 
can obtain it from the Business Center for 
Academic Societies Japan, 23-1, Hongo 3- 
chome, Bunkyo-ku, Tokyo 113, Japan. 
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APPICATIONS/TEST 


ASIC testing upgraded 


The demand for quality 
parts in short development 
times is forcing digital 
ASIC designers to use non- 
traditional test methods 

hile ASIC density and com¬ 
plexity have exploded in 
the last five years, global 
market pressures have if 
anything increased the de¬ 
mand for both quality and 
quick turnaround. By now, 
testing accounts for nearly 
a third of the ASIC development cycle. Yet 
private studies conducted for Sun 
Microsystems Inc., Mountain View, Calif., 
show that one in three ASIC defects that sur¬ 
faced after testing might have been caught 
had the right tests been used. 

Thus the way in which ASICs are tested 
can determine whether a project, or a com¬ 
pany, succeeds or fails. As a result, en¬ 
gineers are turning to nontraditional test 
techniques—scan design, built-in self-test, 
and massive observability—to cost-effec¬ 
tively ensure ASIC quality, especially for de¬ 
signs with 50 000 or more gates. 

What is needed for choosing the cor- 
rect design and test options is a com- | 
plete economics model. Though such 
economic factors as test pattern gener¬ 
ation and test hardware costs are often 
considered, the time-to-market and 
quality costs associated with testing are 
often overlooked. 

ASIC TEST ECONOMICS. The less struc¬ 
tured the test methodology, the larger 
the portion of the development sched¬ 
ule it consumes [Fig.l]. And time is ■ 
truly money; studies by McKinsey & 

Co., New York City (.McKinsey Quar- - 

terly, spring 1989), have shown that being a 
few months late to market with a product is 
even worse than having a 30 percent de¬ 
velopment cost overrun. If using a particu¬ 
lar test methodology can get a product to 
market faster, then the extra revenue and 
profits can offset any cost it adds. 

The Fig. 1 time-to-market model shows 
the difference in revenue when a product is 
on time or late. The model assumes that 
there are three market stages: a growth 
phase (where sales increase at a fixed rate, 

Marc E. Levitt Sun Microsystems Inc. 


whether a product is early or late), a stag¬ 
nation phase (where sales level off), and a 
decline phase (where sales decrease to 
zero). 

The model shows that a delay causes a 
significant decline in revenue. Suppose a 
market has a six-month growth period fol¬ 
lowed by a year of stagnation and a decline 
to zero sales in eight months; then being late 
to market by three months would reduce 
revenues by 36 percent. Thus a delay of one- 
eighth of the product lifetime reduces reve¬ 
nue by over one-third. Such a loss can be 
especially severe since the largest profits are 
usually realized during the growth phase. 
QUALITY COSTS. Quality, the other major cost 
area, must also be included in any cost- 
benefit analysis. An oft-cited rule of thumb 
is that the cost of finding a defective com¬ 
ponent goes up by a factor of 10 for each 
level of assembly—device, board, system, 
and field installation—and recent studies by 
Sun Microsystems have indicated that 10 
may be too small a multiplier for modem 
electronic systems. 

Whatever the number, low-priced, low- 
quality parts may cost more than expensive 
high-quality devices when the costs of down¬ 
stream feult detection and correction are fac¬ 
tored in. With a fault coverage of only SO¬ 
TS percent, 2 percent of the devices that 


Being a few months 
late to market with 
a product is worse than 
having a development 
cost overrun of 30 % 


pass test can be defective (as is common 
with many ASICs that have little or no testa¬ 
bility built in). Finding those defective 
devices later can easily drive up the real cost 
of the device by 20 percent (or more). 

Considering the cost benefits, one might 
wonder why ASIC test is not more thorough. 
The answer involves four key factors. The 
most significant is the sheer complexity of 
today’s ASICs, which defeats traditional 
device-testing methodologies. Another is 
that, unlike standard parts where the total 
test cost and development time can be amor¬ 
tized over millions of devices and a long 



product life cycle, the low volumes and rapid 
turnaround of ASICs do not justify a similar 
expenditure of effort. 

Yet another factor exacerbating the test¬ 
ing problem is that ASICs are designed by 
product or system engineers, not by IC 
specialists familiar with potential device 
problems. Lastly, the relationship between 
the ASIC supplier and the designer often 
precludes the development of tests after the 
latter has delivered the design to the found¬ 
ry, adding to the design workload. 

In addressing these problems, the indus¬ 
try must find solutions that yield high 
productivity and a quick turnaround time 
without sacrificing quality. Luckily, many 
such techniques are becoming available to 
the ASIC community. The accompanying 
table lists these techniques along with their 
pros and cons. Bear in mind that the correct 
approach for a particular design may not be 
a single testing methodology, but a combi¬ 
nation of two or more. 

REQUIRED TESTS. The tests most critical to 
the ASICs’ success, and those that require 
the most developmental effort, are the func¬ 
tional ones. Their goal is to ensure no 
defects exist that can cause a chip to mal¬ 
function; their thoroughness in checking for 
any defects will ultimately determine ASIC 
quality. 

Functional test development can be 
approached from two directions. On the 
first, or behavioral, path, testing aims 
to exercise the ASI(3 in the same way 
it would be used in a system. When the 
other, nonbehavioral, route is followed, 
the tests developed check to see that 
each logic element and interconnection 
performs its defined function, regard¬ 
less of how the device will be used. 

In developing behavioral tests, one 

I generally starts with the simulation 
vectors used by the designer to check 

- the logic design. To establish how good 

these vectors are at finding faults—their fault 
coverage—engineers use fault simulation, in 
which the vectors are run through a com¬ 
puterized description of the design into 
which faults have been injected. 

The injected faults are tjqrically modeled 
as stuck-at conditions, where the output of 
a logic element remains constant (stuck-at) 
regardless of its inputs. In CMOS circuits, 
for example, a stuck-at-1 fault represents the 
condition when the output is inadvertently 
connected to power, while a stuck-at-0 fault 
occurs when the output is grounded. 

For a number of reasons, behavioral test- 
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1. Advantages and disadvantages ef varieus ASIC test appreaches 


Test method 

Advantages 

Disadvantages 

Comments 

Behavioral 

No silicon overhead; works for all designs 

Test patterns must be created manually; requires 
fault simulation to determine fault coverage; takes 
a long time to improve fault coverage, if improve¬ 
ment is possible 

Should only be used on designs/logic 
blocks with under 10 000 gates; fault di¬ 
agnosis Is low 

Ad-hoc 

testability 

techniques 

Low silicon overhead (< 5%); minimal per¬ 
formance impact 

Test patterns must be created manually; requires 
fault simulation to determine fault coverage; no CAD 
tools support 

May not reduce test development time; good 
for highly structured design 

Full scan 

Highly structured; good ATPG available; high 
fault coverage; automatic test-logic inser¬ 
tion; well-supported and understood 

Works for synchronous logic only; scan storage ele¬ 
ments are larger and slower than non-scan equiva¬ 
lents; test is serial; medium silicon overhead 
(5-15%) 

Numerous variations and CAD tools avail¬ 
able; supported by many ASIC vendors; dif¬ 
ficult but not impossible to use for at-speed 
and non-stuck-at testing 

Partial scan 

Less silicon overhead (1-15%) and perfor¬ 
mance impact than full scan; user-definable 
test/DFT goals; allows partitioning by best 
test method 

Test vectors take longer to develop than full scan; 
fault coverage and area overhead are un known until 
design is finished; translation of vectors to tester 
is difficult 

Some ATPG tools are available; can revert 
to full scan under certain conditions; many 
ASIC vendors have no support yet 

Built-in 

self-test 

(BIST) 

Executes at system speed; no complex ex¬ 
ternal tester; can significantly reduce life¬ 
time test costs 

Requires scan foundation for random logic testing; 
highest silicon overhead (10-40%) 

Excellent for memory testing; can be used 
in field test and diagnosis; some ASIC ven¬ 
dor support 

Crosscheck 

(massive 

observ¬ 

ability) 

Also handles asynchronous circuits; does 
not require design-in effort; low performance 
impact; tests for non-stuck-at faults; fast 
simulation and fault diagnosis 

Does not work at speed; only available from licensed 
vendors; relatively high silicon overhead (15-25%); 
not all vendors handle embedded memory 

Technology patents are the property of 
Crosscheck Technology Inc., San Jose, 
Calif. 

(massive 

observ¬ 

ability) 

High fault coverage; tests for non-stuck-af 
faults; no silicon overhead; works with scan; 
can reduce number of scan circuits or vec¬ 
tors needed 

Circuits that draw current in static state (like SRAM 
sense amps) must be isolated; slow (100 kHz to 

1 MHz) on tester; highly pattern-dependent for 
signal-to-signal shorts 

Some CAD tool support; many ASIC vendors 
have no support yet 


CAD = computer-aided design; SRAM = static random-access memory. 


ing is not recommended for ASICs with 
more than 10 000 gates. If all possible faults 
are tried, fault simulation is computational¬ 
ly extravagant. A random sample of the feults 
can be used, but the fault coverage for a typi- 


DEFINING TERMS 

Automatic test pattern generator (ATPG): a 

software program that, given a circuit description, 
automaticaliy generates a test to detect the fault types 
specified for that circuit. 

Bnllt-ln self test (BIST): a design method that 
allows a device to test itself by adding logic for test 
signal generation and analysis of test results. 
Controllability: the ability to set a node inside a 
device to a desired vaiue (1 or 0) via an externai pin. 
Design for testability (DFT): design of a chip to 
enhance its controllabiiity and observabiiity and 
thereby ease test generation. 

Fault coverage: the percentage of all possible de¬ 
vice faults detected by a set of test vectors. 

Fault detection: the ability to determine if a fauit 
is present. 

Fault diagnosis: the abiiity to locate a fault and 
determine its cause. 

Fault simulation: the process of using softv/are to 
simuiate the operation of a circuit to which faults 
have been intentionally added so that the ability of 
a set of test vectors to find the fauits can be 
determined. 

Dbservablllty: the abiiity to determine the vaiue (1 
or 0) at a circuit node inside a device using its 
externai pins. 

Scan design: a design method In which special 
circuits are used to convert a sequentiai circuit to 
a combinationai one to ease test generation. 
Stnck-at fault: a pl^icai defect that causes a node 
in a circuit to remain at a fixed logic value (usually 
1 or 0). 



[1] The amount of time 
spent developing an 
ASIC test depends on 


ments can be controlled 
and observed (top). If 


product’s introduction 
(bottom), revenue (shad¬ 
ed area) and profits will 
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cal test developed in this manner is only 60- 
75 percent, wWch results in a defect rate of 
1-2 percent in the parts that pass the tests. 
In practice, it can take one-half to two 
engineer-years to reach acceptable levels of 
fault coverage, which reduces or eliminates 
an ASIC’s rapid turnaround. 

Another hurdle is moving test vectors 
from the simulation environment to the 
tester. A set of vectors that runs fine in a 
simulator often cannot be accurately trans¬ 
ferred to the tester because the tester’s vec¬ 
tor storage/timing capability is limited. So 
engineers must either rewrite the test vec¬ 
tors or live with far less fault coverage. 
TEST RULES. As designs grew more complex, 
designers familiar with testing problems 
began to adopt nonbehavioral tests and ad 


hoc testability techniques. For a nonbe¬ 
havioral test to succeed, each element of the 
ASIC must exhibit controllability and ob¬ 
servability. That is, it must be possible to 
control an element’s state through its inputs 
and observe its operation at its output. 

Ad hoc testability techniques increase 
these properties by imposing design rules 
tailored to the circuit at hand. For example, 
rules may insist that designers provide a 
means of initializing all storage elements and 
breaking all feedback loops to permit con¬ 
trol of an element’s state. They must also 
partition large blocks into smaller, simple- 
to-test blocks and add test points for access¬ 
ing internal nodes directly. 

Although generating a test may be easier 
when ad hoc testability is added (because of 


partitioning), the types of ad hoc methods 
and how they are applied are different in 
each case. The result is custom design and 
test engineering efforts, and such efforts are 
in direct opposition to the premise for choos¬ 
ing an ASIC solution. 

ASIC TEST TODAY. To overcome the limitations 
of these test approaches, high-productivity 
testing methodologies were developed. For 
ASICs, three methods offer hope of cost- 
effectively ensuring quality: scan (in a vari¬ 
ety of forms), built-in self-test, and massive 
observability [Fig. 2]. 

A workhorse in easing the ASIC test prob¬ 
lem is a set of techniques called scan design. 
While scan test has many variants, their 
common goal is to achieve full controllabili¬ 
ty and observability in the ASIC by design. 



[2] Scan design (above left) involves replacing all 
storage elements with scan cells (inset); in test 
mode, shifting values in or out provides control¬ 
lability or observability. Built-in self-test (above 
right), which works with scan and other tech¬ 
niques, puts test signal generation, analysis, and 
control inside the device so it can check itself. 
Crosscheck’s patented technique (right) probes 
any internal node state with an externally observ- 
■ ’e sensing point. 
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To this end, the circuit’s storage elements, 
flip-flops, and latches are replaced with ele¬ 
ments that have been modified to operate 
in two modes: normal and test. 

In normal mode, the scan storage ele¬ 
ments perform the same tasks as the stan¬ 
dard elements they replace. In test mode, 
however, the storage elements link to form 
a shift register, often refened to as a scan 
chain. The shift register allows an arbitrary 
value to be placed into the ASIC’s storage 
element, and permits the data in the stor¬ 
age element to be shifted out and examined. 
These elements can then behave as inputs 
to and outputs of the devices in the cir- 
cuit to which they connect. | 

Such a transformation makes a com¬ 
plex sequential circuit break down into 
a combinational circuit that is much eas¬ 
ier to test. To apply a vector, the ASIC 
is put into test mode and a pattern that 
initializes the internal state of the chip 
is shifted into the scan chain via a scan- 
in pin. The ASIC is then put into nor¬ 
mal mode, its input pins are stimulat¬ 
ed with a test vector, and a single clock . 
pulse is applied. 

After the vector is clocked through - 

the combinational logic and the result cap¬ 
tured by the scan elements, the ASIC is put 
back into test mode so the results can be 
shifted out via the scan-out pin. The tester 
can then compare the actual result to the ex¬ 
pected (good) result. (In practice, the shift¬ 
ing in of a new vector and the shifting out 
of the previous response are overlapped to 
save time.) 

All aspects of the scan test method- 
conversion of storage elements, generation 
of test vectors, and the application of the 
vectors—are mechanical. For this reason, 
scan has been automated without much dif¬ 
ficulty: in one day, the latest generation of 
test-synthesis tools can generate and veri¬ 
fy test vectors for a 50 000-gate ASIC that 
give 95 percent stuck-at fault coverage. 

However, tester hardware must be able 
to handle large data requirements. A 50 000- 
gate ASIC may well require more than 3000 
scan elements and 2000 test vectors, which 
translates into more than 6 million cycles that 
the tester must apply to the ASIC. 

If the tester is not properly equipped for 
scan testing, a test of this size may take an 
uneconomical amount of time owing to fre¬ 
quent pauses to reload the tester’s vector 
storage memory. To free up such a tester, 
an ASIC vendor may limit the number of 
scan test cycles allowed, giving less fault 
coverage than desired. 

Despite the problems and limitations of 
scan testing, the overwhelming advantages 
of having high-productivity design tools 
guaranteed to produce a testable ASIC make 
scan extremely powerful. Also, design tools 
are emerging that overcome scan’s limita¬ 
tions and problems. For these reasons, scan 
has emerged as the dominant design-for- 
testability (DFT) technique for ASICs. But 
it must be used with care; many designers 


have been “burned” by poor implementa¬ 
tion of the methodology. 

Since scan can limit circuit performance, 
and since there are now test-generation tools 
that handle some simple sequential circuits, 
designers are turning to partial-scan tech¬ 
niques, using tools that combine scan- 
element insertion and automatic test-pattern 
generation (ATPG) in a tight, iterative loop. 

Starting with some or no elements in a de¬ 
sign’s scan chain, ATPG is run. If the test 
generator has trouble in an area of the de¬ 
sign, scan elements are inserted into the 
chain to ease test generation. This process 


The correct approach 
may not be a single 
testing methodology, 
but a combination 
of two or more 


is repeated until fault coverage is satisfac¬ 
tory or the constraints are exhausted. 
KNOW THYSELF. Built-in self-test (BIST) lets 
the ASIC test itself. This is achieved by 
designing a stimulus generator and a re¬ 
sponse analyzer into the ASIC. During test¬ 
ing, the stimulus generator applies the pat¬ 
terns to the device under test and the 
response analyzer gathers results in the form 
of a long binary string and compresses it, for 
instance, into a single hexadecimal word, 
called a signature. This signature is com¬ 
pared to a signature for a good circuit; if the 
signatures match, the device is good. 

In practice, BIST is used on a portion of 
a design rather than for a whole design. For 
instance, it is used to test large memory 
structures (RAMs and ROMs) inside the 
ASIC because they are very regular and 
their tests are algorithmic, that is, the tests 
can be reduced to a few program lines that 
are easily stored and run. ASIC vendors are 
now begirming to offer BIST capability in 
support of such testing. 

To test combinational logic, BIST usually 
builds upon scan design, attaching the stimu¬ 
lus generator to the scan-in line and connect¬ 
ing the response analyzer to the scan-out 
line. Since combinational logic lacks the 
regular structure of, say, memory, the stimu¬ 
lus generator is usually a form of pseudoran¬ 
dom pattern generator. 

For nonregular structures, a solid analy¬ 
sis effort is needed to calculate a good sig¬ 
nature, and designers must make sure it is 
stable and repeatable; having two good parts 
with different signatures, or a good and bad 
part with the same signature, is useless. 

A PANORAMIC VIEW. Since the purpose of a 
test is to excite a fault and propagate its ef¬ 
fect to an observable port, ensuring that any 
fault can be observed—a characteristic 


called massive observability—solves half the 
test problem. Currently, two methods for 
achieving massive observability— 
Crosscheck and quiescent current, or Iddq, 
testing—are available to the ASIC world. 

Crosscheck, which was developed and 
patented by Crosscheck Technology Inc., 
San Jose, Calif., adds a grid of built-in test 
points to an ASIC’s base array. When the de¬ 
sign is placed and routed, a test point is au¬ 
tomatically connected to every gate’s out¬ 
put. Each test point is a simple transistor 
that allows the value of the gate’s output to 
be transferred to a sense line when a cor- 
responding probe line is activated. The 
I value on the sense line is compared to 
an expected value or used to compute 
a signature. For each vector in a test, 
all probe lines that have gates on them 
must be activated before the next pat¬ 
tern is applied. 

The quiescent current test method 
exploits two properties of the static 
CMOS gates found in most ASIC cell 
libraries: a gate draws very little cur- 

I rent (approximately 1 pA or less) when 
not switching (quiescent); and most 

- defects cause a large current to flow in 

the quiescent state. 

For quiescent current testing, the power- 
ground network that interconnects every 
gate acts as a global output bus. To test a de¬ 
vice, a vector or vector sequence is applied 
and the ASIC is allowed to settle into the 
quiescent state. The power-supply current 
is then measured and, if a defect is present, 
a large current (typically over 20-100 lA, de¬ 
pending on the number of gates) is detect¬ 
ed. To find all gate-level stuck-at faults, the 
test vectors need only produce both logic 
states at every node in the circuit. Meeting 
this simple criterion easily provides high 
fault coverage. 

TO PROBE FORTHER. The latest developments 
in testing are presented every year at the 
IEEE-sponsored International Test Confer¬ 
ence; in 1992, the conference will be held 
at the Baltimore Convention Center, Sept. 
20-24. For information, contact the Inter¬ 
national Test Conference, 514 E. Pleasant 
Valley Blvd., Suite 3, Altoona, Pa. 16602; 
814-941-4666. 

Among the numerous books published in 
the field of testing, the most recent and com¬ 
plete is Digital Systems Testing and Testable 
Design by M. Abramovici, M. Breuer, and 
A. Friedman (W.H. Freeman, New York, 
1990), which covers many of the issues in¬ 
volved in design for testability and automatic 
test pattern generation. An excellent glos¬ 
sary of test and design-for-testability termi¬ 
nology can be found in Testability: Test and 
Emulation Primer (Texas Instruments Inc. 
publication SSYA002). 

ABOUT THE AUTHOR. Marc E. Levitt (M), a 
member of the technical staff of Sun 
Microsystems Corp., Mountain View, Calif., 
is currently involved in the design and test 
of ASICs, Sparc processors, and computer 
systems. 
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APPLICATIONS/DESIGN CASE HISTORY 


CCDingin 

This designer found that 
analog charge-coupled 
device circuitry clearly 
outperformed digital logic 
in his night vision system 

t is no secret that the suc¬ 
cess of the United Nations 
forces in the Persian Gulf 
War was due in part to ex¬ 
cellent night vision equip¬ 
ment. Although the press 
coverage at the time hint¬ 
ed at state-of-the-art tech¬ 
nology, most of the infrared (IR) imaging 
gear deployed against Iraq had been devel¬ 
oped (but not used) for night operations in 
Vietnam. 

Effective as they were, those systems 
have several disadvantages. Today a new 
generation of thermal imaging sensors, 
designed to overcome those drawbacks, is 
just going into production. The new sensors 
exploit charge-coupled device (CCD) tech¬ 
nology in their custom video-processing ICs 
to reduce the cost, size, and power require¬ 
ments of the newer systems while simul¬ 
taneously increasing their sensitivity and 
reliability [Fig. 1]. 

The early sensors were elegant designs 
for their time. They used an electro-optical 
multiplexer (E-0 Mux) to multiplex and 
reformat the IR image data gathered by a lin¬ 
ear array of IR detectors for display on a TV 
monitor [“The end of night,” p. 32]. The 
new systems replace the electromechanical 
complexities d Ae E-0 Mux with solid-state 
circuitry but retain linear detector arrays, 
though systems based on focal-plane detec¬ 
tor arrays are under development [‘Blazing 
ahead,” p. 34]. 

DIGITAL PROS AND CONS. Obviously enough, 
the first efforts to develop a solid-state 
replacement for the E-0 Mux centered on 
digitizing the IR information and then pro¬ 
cessing it with digital ICs. All the signal pro¬ 
cessing could be done in the electronic do¬ 
main, with no need to sense light intensities 
of a LED array, as in the E-0 Mux. 

Eliminating the optical interface between 
the LED array and the video camera could 
improve a sensor’s vertical and horizontal 
resolution, as measured by its modulation 
transfer function (MTF). Perhaps more im- 
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the dark 


portantly, an all-digital system would elimi¬ 
nate the video camera itself—the main 
source of the E-0 Mux’s size, weight, and 
reliability problems. Digital IC signal pro¬ 
cessing, in other words, could improve many 
aspects of an IR imaging system. 

Unfortunately, in addition to its undeniable 
advantages, the digital scan converter, at 
least as it could be implemented in the late 
’70s and early ’80s, also had numerous dis¬ 
advantages. It required a large number of 
devices to digitize each detector channel and 
store the individual pixels for reformatting. 
Consequently, it required a large number of 
circuit boards and lots of electrical power. 
To fit the circuitry into the desired system 
package, surface-mounted printed-circuit 
boards and components meeting military 
specifications had to be used, driving up the 
system cost. 

For those reasons, in October 1985 the 
Image Sensor Technology Center at Texas 
Instruments (TD Inc. wifii internal funding 
from the Defense Systems and Electronics 
Group, began a project to apply custom ana¬ 
log CCD technology to IR signk processing. 
Like the all-digital approach, the CCD im¬ 
plementation would take discrete time sam¬ 
ples of the IR signal, but instead of digitiz¬ 
ing the samples, it would store and 
manipulate them in analog form to accom- 


Thermal imagers 
tougher than those 
of the Gulf War also 
let tank crews spot 
targets at longer range 


plish the signal processor’s goals. Benefits 
of the CCD approach included lower power 
dissipation, fewer ICs, and the ability to use 
pinned-package parts and relatively inexpen¬ 
sive through-hole circuit boards while 
achieving the desired system volume. 

THE CCD APPRDACH. The initial design effort 
was aimed at developing a component for 
multiplexing and reformatting an IR detec¬ 
tor’s signals into a TV-compatible format. 
The result was the CCDRl, a 20-channel 
CCD reformatter that combined the func¬ 
tions of a multiplexer and a reformatter [Fig. 
2]. Key to its operation were its two in¬ 



dependent memories, one of which could be 
receiving parallel data from the IR detector 
while the other was reading out previously 
acquired data in serial form. 

Two types of IR systems were designed 
to incorporate the CCDRl. The first is a 
small, inexpensive, medium-performance, 
serially scanned system commonly referred 
to as the Serial Technology Advancement- 
Forward Looking Infrared (STA-FLIR) sys¬ 
tem. Serially scarmed systems use a fairly 
small detector (fewer than 20 IR-sensing 
elements), which greatly reduces overall 
system size and cost. On the other hand, 
such a system carmot cover the field of view 
in a single sweep. Instead, it performs mul¬ 
tiple sweeps, which must be at a higher 
horizontal scan rate than those of a parallel 
system in order to cover the field of view 
in the same length of time. Since the sys¬ 
tem has less time to accumulate charge from 
each pixel at the higher scanning rate, the 
signal-to-noise ratio (SNR) is reduced and 
overall system sensitivity goes down. How¬ 
ever, techniques such as increasing the de¬ 
tector’s bias current to enhance sensitivity 
and incorporating time-delay-and-integrate 
(TDI) processing of multiple detector ele¬ 
ments (offset horizontally at the focal-plane) 
can be implemented for a small detector to 
improve tire sensor’s SNR. 

Serially scanned systems are very com¬ 
pact and can be easily packaged for various 
applications, which could include navigation, 
surveillance, search and rescue, and remote¬ 
ly piloted vehicles. In extensive field-testing 

Defining terms 

Charge-coupled device (CCD): a charge-transfer 
device that stores electric charges of various am- 
piitudes in potential wells and transfers those charges 
as packets by translating the positions of the potential 
wells. 

Minimum resolvable temperature difference 
(MRTD): the smallest amount by which a blackbody 
illuminating source must be raised above the am¬ 
bient temperature so that a human being can just 
discern the four bars of a standard test pattern when 
viewing the target through the thermal sensor under 
test. 

Modulallon transfer function (MTF): the Fourier 
transform of the point spread function, which 
describes the system’s imaging resolution and the 
contrast reduction of a sinusoidal brightness pat¬ 
tern over a range of spatial frequencies. 
Nolse-equlvalenl temperature difference 
(NETD): the temperature difference between two ad¬ 
jacent targets required to just equal the noise am¬ 
plitude of the sensor’s signal. 
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and demonstrations this system has been 
used as a nighttime driver’s aid, a remote 
surveillance sensor, and an airborne naviga¬ 
tion FUR. 

The second IR sensor built around the 
CCDRl is the Photo Conductive-Advanced 
Scanning Array Module (PC-ASAM). This 
sensor is a relatively low-cost, medium¬ 
sized, high-performance, parallel-scanned 
system [‘ ‘The end of night, ’ ’ p. 32]. It has 
been extensively used for data collection to 
support several design and test efforts. 

In terms of IR sensor performance, both 
systems exhibit respectable measurements 
for noise-equivalent temperature detected 
(NETD) and minimum resolvable tempera¬ 
ture detected (MRTD) [Table 1]. For both 
parameters, the lower the number (given 
similar system characteristics), the greater 
the sensitivity to fractional temperature 
differences. In the case of MRTD, note that 
the PC-ASAM is not less sensitive than the 
STA-FLIR (as indicated by the NETD mea¬ 
surement): the higher MRTD value in the 
table is a consequence of the higher spatial 
frequency modulation of the target: 5.0 vs. 
0.6 cycle per milliradian. 

THE SECOND GENERATION. The successful de¬ 
velopment of CCDRl and its favorable 
reception encouraged TI to develop an im¬ 
proved version. It was determined that the 


1. Several infrared imaging systems compared 



Performance 

System characteristics 



MRTD, “C 


Optics 

System 

NETD, "C 

@ target, cycles/ 
mrad 

resolution,‘ 
cycles/mrad 

Relative 

aperture 

Area, 

cm^ 

STA-FLIR 

0.16 

0.19 @ 0.6 

0.60 

2.00 

7.29 

PC-ASAM 

0.15 

0.28 @ 5.0 

5.00 

2.35 

366.13 

ns 

0.11 

0.17 @ 3.0 
0.25 @ 4.0 

2.67 

2.08 

133.35 

CITV 

0.09 

0.10 @ 3.0 

0.15 @ 4.0 
0.28 @ 5.0 

2.67 

2.13 

126.71 


a Based on a standard 50.8-/inn (2.0-mll) detector width. 

NETD = noise-equivalent temperature detected. 

MRTD = minimum resoivable temperature detected. 

STA-FLIR = serial technology advancement-forward-looRing infrared. 
PC-ASAM = photoconductive-advanced scanning-array modules. 

TTS = tank thermal sight. 

CITV = commander's independent thermal viewer. 


2. Reliability predictions of video sensor electronics 


System" 

Mean time 
between 
failures, 
hours 

Improvement 
over common- 
module sensor, 

% 

Evaluation 
ambient 
tempera¬ 
ture, “C 

Mission 

environment 

Common module 

864 

- 

55 

Airborne 

PC-ASAM" 

1228 

42 

55 

Airborne 

Hypothetical system 
with CITV" electronics 

2314 

168 

60 

Ground- 

based 




McCracken—CCDing in 


31 

















































CCDRl’s noise would be reduced signifi¬ 
cantly if input and output operations were 
not simultaneous. One way to do that, limit¬ 
ing the device to a single memory section, 
would also allow the memory to expand from 
20 to 60 channels. 

The enlarged memory would reduce the 
system board count, cutting the sensor’s 
cost, size, and power consumption. More¬ 
over, minimizing the total number of inter¬ 
connections required between the numer¬ 
ous amplified detector signals and the 
reformatting devices would also be advan¬ 
tageous for production costs, sensor reli¬ 
ability, and packaging flexibility. Hence, mul¬ 
tiplexing the amplified detector signals 
before the CCD reformatting operation was 
desirable. Taken together, those consider¬ 
ations suggested that the second-generation 
device be a CCD signal-processing chip set 


consisting of a 60:1 channel multiplexer 
(CCDM) and a 60-channel reformatter 
(CCDR2). 

Unlike most multiplexers, the CCDM can 
suspend output operations when sampling 
inputs and transferring charge, thus protect¬ 
ing acquired data samples from corruption 
by clock noise. It can implement a four-stage 
finite-impulse-response (FIR) filter in its 
input structure. That helps to limit the band¬ 
width of the incoming signals, attenuating 
the aliasing noise power associated with 
sampled-data systems. The FIR filter is im¬ 
plemented by summing four time-delayed 
input samples from each chaimel to form a 
pixel sample within one of the two summing 
wells of the input structure [Fig. 3]. The se¬ 
quence is repeated to form a second pixel 
in the second summing well. The pkel sam¬ 
ples are then transferred from the summing 


well into the multiplexer’s pixel buffer. 

'The multiplexer samples all 60 of its input 
chatmels simultaneously to ensure that 
rapidly changing scenes are not distorted by 
electronic timing artifacts. Also, to ease the 
performance requirements on the CCDR2, 
the CCDM contains a small (four-pixel) buff¬ 
er for each chaimel, which reduces the re¬ 
quired input operating speed of the CCDR2 
by a factor of four. In short, the CCDM com¬ 
bines a flexible 60-channel multiplexing func¬ 
tion with additional signal-processing capa¬ 
bilities. And it packages all that capability in 
a single 2.8-by-2.8-cm, 74-pin, pin-grid array. 

From the multiplexer, the serial output 
signal is fed to the CCDR2 reformatter [Fig. 
4], where the pixel samples are demul¬ 
tiplexed and stored in the 60-channel mem¬ 
ory. Because the CCDR2 has only one 
memory, it must be used in pairs to handle 



The end ef night 

An infrared imaging system helps us to see at 
night-even a moonless, starless night. It does so 
by converting the thermal energy in the darkness 
ahead into a visible image. The earliest such sys¬ 
tems, known as image converters, required a trans¬ 
mitter to illuminate the scene with invisible infrared 
radiation; and German tanks on the Eastern front 
used such “active” sensors with favorable results 
in 1944. But all modern systems are “passive" in 
that they form visible images from naturally occur¬ 
ring IR energy. Indeed, were they to include illuminat¬ 
ing sources, they would become excellent targets, 
readily detectable by the crudest of sensors. 

The infrared region covers an enormous part of 
the electromagnetic spectrum-from about 0.75 to 
1000 /tm. But only a small part of that range is used 
in thermal imaging sensors; the 3-5- and 8-12-;rm 
bands, where atmospheric attenuation is minimal. 
Energy in those bands may be radiated by the tar¬ 
get, reflected from it, or both. A human being or 
an automobile can be “seen" by its own IR radia¬ 
tion, which is proportional to its surface tempera¬ 
ture. Clearly, many variables come into play in form¬ 
ing an infrared image: temperature, surface finish, 
surroundings, atmospheric conditions, and so on. 

In just about all modern thermal imaging systems, 
information about the IR energy levels of a scene 
is acquired by horizontally scanning a portion of the 
scene’s IR radiation across a column of IR detec¬ 
tors. The vertical alignment of multiple detectors im¬ 
proves the IR system's vertical resolution and 
minimizes the required horizontal scan rate. The 
scanning of the scene produces a set of parallel elec¬ 
tric signals-one from each detector-thus this type 
of sensor is known as a parallel-scanned system. 

Multiplexing the parallel IR signals into a serial 
data stream is necessary to generate a serially for¬ 
matted input signal for television monitors. The TV 
then displays the IR scene in the visible region of 
the spectrum for interpretation by the operator. 

Typically, a scene is scanned across the detector 
array by a moving mirror. A 60-Hz scan rate is the 
norm, to synchronize with the TV field rate. Each 
scan produces an IR signal about 10 ms in dura¬ 
tion. Since a single TV scan displeys information 


for only 52 ns, the IR signals must be compressed, 
or reformatted, for display on a TV monitor. The two 
essentials for processing IR image data into a form 
suitable for display, therefore, are multiplexing and 
reformatting. 

The first thermal imaging sensors to reach vol¬ 
ume production, called common-module systems 
because they were built from a common set of com¬ 
ponents, came out in 1972. They used an elegant 
electromechanical device called an electro-optical 
multiplexer (E-0 Mux) to simultaneously multiplex 
and reformat their data [see figure]. The heart of the 
E-0 Mux is a linear array of light-emitting diodes 


(LEDs) that is geometrically equivalent to the IR de¬ 
tector array. 

The electric signal from each detector element 
is amplified and used to drive the corresponding 
element in the LED array. As the IR radiation is moved 
across the detector by the scanning mirror, the back¬ 
side of the same mirror simultaneously scans the 
light emitted from the LED array across the front 
of the video camera. The light intensity of the LEDs 
varies with IR changes in the scene, and these vari¬ 
ations are observed by the camera, which produces 
a multiplexed and reformatted output signal to drive 
a TV monitor. -W.P.M 
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FIFO = first in, first out Memory B 

transfer clocks 

[2] The first-generation CCDRl reformatter samples 20 input channels and 
transfers the pixel samples into one of two pixel memories. Information is then 
serially transferred out of the device from one memory while fresh data is being 
loaded into the other. 
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(4 pixels per 
channel) 


[3] Half of the second-generation chip set, the CCD 
multiplexer, adds sequential (time-delayed) charges 
in its summing wells (circles), effectively im¬ 
plementing an anti-aliasing filter. 



[4] The second half of the chip set, the CCDR2 reformatter, takes data from 
a CCD multiplexer into its serial input register, stores it in pixel memory, 
and then clocks it out via one of its output registers. 


a complete TV frame’s image. Only four 
boards—each with a pair of CCDR2s—are 
required for a 240-channel parallel-scanned 
system, a substantial reduction in electron¬ 
ics compared with the 12 CCDRl boards 
needed for an equivalent system. 

An additional feature of the CCDR2 de¬ 
vice is its ability to output stored informa¬ 
tion as either a first-in, first-out (FIFO) or 
last-in, first-out (LIFO) shift register. That 
adds flexibility to the electronics, allowing 
for different system configurations as well 
as operational modes. The CCDR2 package 
is a standard 28-pin, 600-mil-wide, dual in¬ 
line device. 

Besides being small and using little power, 
these CCD signal processors require fewer 
support components than most CCDs. The 
savings are due to a patented scheme for 
using only one clock to transport charge in¬ 
side the device. Without that scheme, which 
TI calls Virtual Phase Technology, two or 
three clocks would be needed. 

NOISE HURTS. A large SNR is one of the most 
desirable attributes for the video electron¬ 
ics in a thermal imaging system. The larger 
the SNR, the less likely is noise to mask a 
small temperature difference within a scene. 
Ideally, every IR system would exhibit 
detector-limited performance—a condition 
in which the only perceptible noise compo¬ 
nents are those inherent in the IR detector’s 
semiconductor structure and the photon 
emissions of the scene’s background. 

The measured pixel SNRs of the CCDM 


and the CCDR2 come very close to their 
modeled values. The CCDM’s measured 
SNR was 59.7 dB vs. a theoretical value of 
61.0 dB; the CCDR2’s measured SNR was 
55.9 dB vs. a modeled 59.7 dB. 

The dynamic range (DNR) of an IR sys¬ 
tem is normally defined as the SNR at the 


sensor’s minimum gain. The larger the 
DNR, the wider the range of IR energy lev¬ 
els that can be displayed, and hence the 
more accurate the rendering of the scene. 

HUNTINfi AND KILLING. The first major 
production application of the second- 
generation CCD chip set is in a new infrared 
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Blazing ahead 

Whether supported ty electro-optical multiplexing 
or more modem charge-coupled device (CCD) cir¬ 
cuitry, just about all current infrared imaging sys¬ 
tems are based on linear arreys of photodetectors. 
That situation should last until the late ’90s, at which 
time new technoiogy, now under development, can 
be expected to take over. 

Expanding military and commercial needs for 
night vision are driving industrial, university, and 
government laboratories to provide sensors with 
more resolution, iarger fields of view, and tetter sen¬ 
sitivity than common-module systems can deliver. 
Commercial applications are particularly demand¬ 
ing in that they require very iow cost, iow main¬ 
tenance, and high reliability in extreme environ- 
ments-in automobiies, for exampie. 

To satisty the anticipated demand, engineers have 
been moving in the otwious direction: building two- 
dimensional detector arrays with thousands of ele¬ 
ments in the focal plane. Compared with today’s 
common-module linear arr^, which have no more 
than 180 detector eiements, 2-D arr^ produce bet¬ 
ter resoiution and a larger field of view. Because the 
2-D device is a "staring” array—one that does not 
have to be scanned—it aiso increases the system 
signal-to-noise ratio. That improvement, which is 
proportionai to the square root of the array size, 
comes from the decrease in noise bandwidth re¬ 
quired by the staring array. 

The most direct approach for fabricating large 
focal planes-making CCD arrays from narrow- 
bandgap semiconductors like mercury cadmium tei- 
iuride (HgCdTe)-is not feasible because of the high 
intensity of infrared radiation coming from the am¬ 
bient. That radiation would cause the CCD wells to 
saturate after only 20 iis of Integration. The infrared 
equivaient to the silicon CCD camera is possible, 
but it wiil work for just a few appiications. 

Instead, the advanced focal planes under develop¬ 
ment today are hybrid structures. Most are HgCdTe 
photodiode arrays mated to silicon IC processors 
containing a matching array of amplifiers. The IC 
also performs correlated double sampling (processor 
noise reduction to less than 20 /tV) and multiplex¬ 
ing to a few output buffers. The amplifiers are often 
capacitive-feedback transimpedance buffers capa¬ 
ble of integration to the full frame rate of 30 Hz. 

HgCdTe diode arrays up to 512 elements square 


have been developed for the 3-5-;<m infrared region; 
for 10-/tm wavelengths, the state of the art is cur¬ 
rently 128 elements on a side (The difference is due 
to the higher infrared photon flux encountered at 
10 /im and the consequent need to handle more 
charge.) The diode arrays are made in a chip of 
HgCdTe and are pressed onto the silicon 1C, con¬ 
necting the bump electrodes of the detector elements 
to corresponding bumps on the IC. Another ap¬ 
proach Is to glue the HgCdTe chip to the IC, thin 
the detector material to less than 10 /tm, form the 
diodes, and then fabricate a thin-film interconnect 
for each diode through a hole in the HgCdTe. 

When the 10-;rfn arrays get to the 512-by-512 size, 
they will be suitable for most military applications: 
night vision, target recognition, nighttime terrain fol¬ 
lowing, and missile seekers. Of course, like current 
systems, they will have to be cooled to less than 
80 K for optimum performance. While the neces¬ 
sary cooling modules have become more reliable, 
they still consume a significant amount of power, 
make noise, take up room, and increase costs. 

For those reasons, many commercial appllca- 
tions-including night vision aids for vehicles, ships, 
and aircraft; medical diagnostics; law enforcement; 
and manufacturing control-which do not require 
the sensitivity of military equipment, will probably 
use uncooled focal-plane arrays of IR detectors other 
than HgCdTe mated to silicon ICs. The detector ele¬ 
ments will be either semiconductor microbolome¬ 
ters or ferroelectric photocapacitors. Arrjys of those 
types with over 40 000 elements are currently under 
development. Eliminating the scanning and cooling 
modules will make those commercial sensors both 
highly reliable and relatively inexpensive. Their sen¬ 
sitivity will be similar to that of today’s common- 
module systems-about 0.10 °C. 

Peering into the next century, it seems likely that 
new semiconductor materials will be a/ailable to 
make possible monolithic focal-plane arrays- 
integrated circuits that can “see” infrared. On-chip 
circuitry will automatically correct the output sig¬ 
nals for internal (rffsets. Moreover, high-density dig¬ 
ital logic will be available for processing the output 
and interpreting it in a variety of ways. In effect, 
human ingenuity will have extended human vision 
deep into the infrared region of the spectrum. 

—Seb Borrello, Tl Fellow, Texas Instruments Inc. 


system designed to give an M-lAl tank 
commander an independent view of the batt¬ 
leground [Fig. 1]. Called the Commander’s 
Independent Thermal Viewer (CITV), the 
new system supplements the gunner’s ther¬ 
mal viewer, enabling tank crews to hunt and 
kill simultaneously. 

Early in the design of the CITV, an evalu¬ 
ation of the proposed CCD video chain was 
undertaken to verify full performance com¬ 
pliance. That modeling and measurement ef¬ 
fort concluded that the CCD approach would 
surpass the CITV system’s requirements. 
The measured DNR of the entire video elec¬ 
tronics chain was 42 dB, compared with a 
calculated value of 49 dB. 

By way of comparison, the Tank Thermal 


Sight (’ITS) system has been manufactured 
for 10 years and has achieved a respectable 
field reputation. It makes a good standard 
of comparison, having an identical 120- 
chaimel IR detector to the CITV sensor’s 
and very similar optics [Table 1]. The 
CITV’s more sensitive MRTD measure¬ 
ments will increase the range for target iden¬ 
tification, which ultimately improves the 
tank’s battlefield situation. 

In addition to lower noise, CCD video 
chain designs also deliver more reliability 
than earlier technologies [Table 2]. Reli¬ 
ability predictions for the common-module 
sensor and the 180-channel PC-ASAM (con¬ 
taining the CCDRl) were conducted accord¬ 
ing to military handbook directions with an 
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ambient temperature of 55 °C. 

An equivalent, hypothetical 180-chaimel 
sensor utilizing the CITV video electronics 
(incorporating the second-generation CCD 
chip set) exhibited even more improvement. 
The reliability predictions for the CITV are 
based on an ambient temperature of 60 °C. 

All the custom CCD devices performed 
well in tests over the military ambient tem¬ 
perature range of -55 °C to -1-125 °C. They 
also did well in radiation-hardness testing, 
performing acceptably after the required ex¬ 
posure to both gamma and neutron radiation. 

The CITV program has completed its 
baseline design and delivery of 18 prototype 
systems. In February 1991, a contract was 
awarded for the first year of volume 
production. 

Other applications for the CCD IR imag¬ 
ing technology include an airborne system, 
built around the second-generation chip set, 
of which eight prototypes have been ordered 
under a full-scale development contract. 

In addition, a third program, based on the 
first-generation CCDRl device, is develop¬ 
ing a spinoff of the STA-FLIR sensor for a 
variety of military and civilian vehicular and 
airborne applications. Prototypes of this sys¬ 
tem, which has a potential market of thou¬ 
sands of units, have been built and field test¬ 
ing has been completed. The first production 
contract for over 600 systems was awarded 
in September 1991. 

Clearly, the analog CCD approach for pro¬ 
cessing IR signals has proved its value in a 
variety of applications. It allowed us to de¬ 
velop a high-quality thermal imaging system 
that both increases system performance and 
reduces production cost. 

TO PROBE FURTHER. Two highly regarded 
books on infrared technology are Thermal 
Imaging Systems by J.M. Lloyd (Plenum 
Press, New York, 1975) znA Infrared Hand¬ 
book by W.L. Wolfe and G.T Zissis (Infrared 
Information Analysis Center, Environmen¬ 
tal Research Institute of Michigan, Ann 
Arbor, 1978), which was prepared for the Of¬ 
fice of Naval Research, Department of the 
Navy. A superb reference for CCD technol¬ 
ogy is Charge Transfer Devices by C.H Se¬ 
quin and M.F. Tompsett (Academic Press, 
1975). For a deeper look at the historical de¬ 
velopment and application of solid-state im¬ 
aging along with Ae physics of photosensors, 
see Solid State Imaging hy Paul Jespers, Fer¬ 
nand Van De Wiele, and Marvin White 
(Noordhoff, Leyden, the Netherlands, 1976). 
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NOTICE TO NATURALIZED CITIZENS FROM. OR 

WHO HAVE RESIDED FOR A SIGNIFICANT PERIOD 

OF TIME IN. THE FOLLOWING COUNTRIES: 

Afghanistan, Albania, Angola, East Berlin, Bulgaria, Cambodia (Kampuchea), Cuba, 
Czechoslovakia, Estonia, Ethiopia, German Democratic Republic (East Germany), 
Hungarian People’s Republic (Hungary), Iran, Iraq, Democratic People’s Republic of Korea 
(North Korea), Laos, Latvia, Libyan Arab Republic, Mongolian People’s Republic (Outer 
Mongolia), Nicaragua, People’s Republic of China, Poland, Rumania, Southern Yemen, 
Syria, Union of Soviet Socialist Republics, Democratic Republic of Vietnam (North Vietnam), 
South Vietnam, Yugoslavia, the Kurile Islands and South Sakhalin (Karafuto). 


YOU MAY HAVE BEEN THE VICTIM 
OF UNCONSTITUTIONAL DISCRIMINATION 

BASED ON YOUR NATIONAL ORIGIN 


If you are a naturalized United States citizen 
and your country of origin is included 
above, or you resided in one of these coun¬ 
tries for a significant period of your life, the 
Department of Defense (DoD) or a DoD 
contractor may have unlawfully denied you a 
security clearance or employment, promo¬ 
tion, fellowship or scholarship that required 
a security clearance, or asked you to apply 
for a Limited Access Authorization, as a 
result of DoD’s enforcement of a regulation 
which denied security clearances to newly 
naturalized United States citizens from these 
countries or who resided in these countries 
for a significant period. 

The DoD and DoD contractors acted 
pursuant to a regulation that became effec¬ 
tive on January 2, 1987. Although DoD 
rescinded the regulation on February 12, 
1988, it may have been applied after that 
date. The United States District Court for 
the District of Columbia has declared the 
regulation unconstitutional and perma¬ 


nently enjoined the DoD from enforcing it. 
Huvnhv. Cheney . 87-3436 TFH (D.D.C. 
March 14, 1991). 

If you are a naturalized citizen and you 
believe you have been adversely affected by 
the enforcement of the regulation on or 
after January 2,1987, you may have certain 
legal rights. For further information, you 
should contact the United States 
Department of Justice Office of Special 
Counsel for Immigration Related Unfair 
Employment Practices (OSC), by calling 
1-800-255-7688 or (202) 653-8121; 1-800- 
237-2515 or (202) 296-0168 (TDD device 
for the hearing impaired); or by writing to 
OSC, P.O. Box 65490, Washington, D.C. 
20035-5490. The OSC will provide infor¬ 
mation and help you process a claim free of 
charge. The opportunity to pursue these 
rights is subject to certain time limits, so if 
you believe the regulation was applied to 
you, contact the Office of Special Counsel 
as soon as possible. 
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ADVANCED TECHNOLOGY/SOFTWARE 


Unclosing distributed computing 


Once new software is in 
place, thousands of dispersed 
computers of various brands 
will be able to talk to 
(and understand) each other 

n many of today’s net¬ 
works, systems from one 
vendor merely co-exist 
with those of other suppli¬ 
ers because they are in¬ 
capable of working togeth¬ 
er. Yet users want to 
interconnect those diverse 
systems, move applications from one plat¬ 
form to another, and host a software environ¬ 
ment on several systems of different sizes 
and capabilities. In other words, users are 
demanding interoperability among heter¬ 
ogeneous computers. 

These developments bring to a head the 
need for an efficient, flexible, secure, yet 
cost-effective distributed computing 
environment—one in which the processing 
power and the data are dispersed over a net¬ 
work of many interconnected computers, 
rather than resident in one machine. In such 
an environment users have access to com¬ 
puter resources distributed throughout 
a local or worldwide network. 

One of the most comprehensive ef¬ 
forts toward this goal is the Distribut¬ 
ed Computing Environment (DCE) 
software, developed by the Open Soft¬ 
ware Foundation (OSF), Cambridge, 
Mass., an industry-supported research 
and development organization with 
more than 330 members worldwide- 
hardware and software vendors, end 
users, and research institutions. 

The DCE focuses on four problems 
that require technical solutions: the 
diversity of operating environments, the 
(generally large) number of intercormected 
computers, and the need to maintain secu¬ 
rity along with the need to provide oppor¬ 
tunities both for growth and for new network 
applications. 

Many computer vendors, representing 
more than 70 percent of the market in PCs 
and workstations, are incorporating DCE 
software in their products, to let them in¬ 
teroperate, that is, exchange information and 
use it. The industry’s shift ftom proprietary 

Douglas Hartman Open Software Foundation 


to “open” systems—machines that in¬ 
teroperate with systems from different 
vendors—has come at the behest of end 
users. In fields as diverse as financial ser¬ 
vices, engineering, government, tele¬ 
communications, and manufacturing, users 
have demanded open systems as a means of 
protecting their investments in hardware, 
software applications, and training. With 
DCE, users in all industries ivill be able to 
develop, deploy, and manage applications 
that efficiently use a network’s scattered 
computing resources. 

OSF assembled a team of experts in dis¬ 
tributed computing, all engineers and indus¬ 
try consultants, to evaluate the technologies 
proposed for the DCE by 32 companies and 
universities. Working with its membership 
and independent consultants, OSF selected 
the best of the breed, then integrated them 
in an environment that combines and en¬ 
hances the most advanced technology 
available. 

BEYOND LANs. The 1980s saw local-area net¬ 
works installed in most engineering organi¬ 
zations. File sharing within an organization 
became common through software such as 
Novell Netware for MS-DOS PCs and Sun 
Microsystems Inc.’s Network File System 
(NFS) for Unix workstations. This software 
took advantage of the high speed and low 


cost of the local-area networks. 

Sharing of data remained within the local- 
area network, however, in order not to ex¬ 
ceed the capabilities of the software. Com¬ 
panies could not tie together organizations 
such as departments, divisions or branches 
that were geographically far apart, or that 
used different brands of computers. Few 
wide-area networks existed, and they were 
slow and expensive, relegated to support¬ 
ing batch file transfer and electronic mail. 

The 1990s are already seeing dramatic 
changes in the economics of coimectivity. 
The appearance of the technology needed 


to interconnect local-area networks over 
high-speed links promises to create very 
large networks typically of thousands of 
computers. By the year 2000,80 percent of 
the computers used in business, education, 
and research will be linked to each other by 
wide-area networks that approximate the 
speed of today’s local-area networks. 

Linking those organizations that need to 
share information and resources (like files 
or databases) is the prime use of intercon¬ 
nection technology. Cross-organizational 
links open up new application possibihties, 
allowing customers and suppliers to ex¬ 
change information needed in their daily 
business. These links also give rise to four 
problems in need of software solutions. 

• Diverse operating environments. It 
is fairly easy to deploy advanced network¬ 
ing software for common hardware and a sin¬ 
gle operating system. Examples include the 
Apollo Domain system from Hewlett- 
Packard Co., Palo Alto, Calif., and DECnet 
from Digital Equipment Corp., Maynard, 
Mass. These systems interlink organiza¬ 
tions, provided their equipment all comes 
from a single vendor. 

As more and more organizations are 
linked, however, a single-vendor environ¬ 
ment quickly becomes an impossibility. Or¬ 
ganizations need different brands of comput¬ 
ing equipment to communicate. 
Networking services thus must handle 
multivendor networks. 

Documents such as OSI (Open Sys¬ 
tems Interconnect) and IEEE Posbc 
standards define solutions to multiven- 
dor operation by formally balloting ven¬ 
dors and users. OSI addresses net¬ 
working protocols (communications 
between systems), while Posix ad¬ 
dresses the interface with application 
programming. These organizations 
seek to standardize widespread prac¬ 
tices, rather than create new designs. 
Since current practice is in its early days, 
comprehensive standards are not expected 
until late this decade. 

• Networks with thousands or even 
millions of computers. Software systems 
such as NFS and Netware accommodate net¬ 
works of hundreds of systems. Larger net¬ 
works will require new software. Here tech¬ 
niques such as hierarchical design may be 
used. In these, several groups of rather few 
processors, say 100 or so, are combined into 
larger entities, thereby allowing the efficient 
management of these larger groups. 

These techniques will allow software to 



The Distributed 
Computing 
Environment permits 
secure, reliable 
applications for 
multivendor networks 
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[1] In a typical distributed computing environment, the procedure call for the processing of 
an array of data, for example, may be initiated in one computer, the ‘ ‘client, ’ ’ with the actual 
processing executed in a “server”—another computer, sometimes with a different architec¬ 
ture. The process of moving this data between the client and server is transparent to the client 
and server applications. Here the client’s application calls the do-array procedure (step 1). 
A client’s stub—code generated by a special compiler not shown here—marshals (encodes) 
the procedure’s parameters (arguments) and the data associated with them in an architecture- 
independent way into buffers (step 2). The data in these buffers is transferred to the server 
by a runtime library using an appropriate transport protocol (step 3). (Such a library is a set 
of procedures used by a program to accomplish a standard set of operations such as network 
access.) The server receives the data and passes it to a designated server process (step 4). A 
server’s stub unmarshals (decodes) the buffers (step 5) and delivers the data to the do-array 
function to be processed (step 6). The result is returned to the client’s application in a similar 
way in the reverse direction. 


scale up to very large networks. For exam¬ 
ple, an initial network of, say, 20 or so com¬ 
puters may grow into hundreds, even thou¬ 
sands of computers without the need to 
reinstall the networking software each time 
several computers are grouped together. In 
particular, two or more groups of systems 
can be tied into one larger network, and this 
process may be repeated. This means a 
company-wide network can be deployed one 
department at a time. These techniques, de¬ 
veloped by university and defense research¬ 
ers during the 1970s and 1980s, led to such 
large international networks as Internet. 
These networks are jointly managed by 
these universities, researchers, and in¬ 
dividual companies. 

• Maintaining security. Before access to 
distributed information and resources can 
occur, organizations need to be able to con¬ 
trol access to sensitive information. Most 
LAN software today can offer only minimal 
security. Encryption techniques, analogous 
to the use of scrambling in cable television 
transmissions, are one means of increasing 
security. They permit security over unse¬ 
cured communications channels, such as 
cable and wireless transmission. Network¬ 
ing software must integrate security into 
basic operations. 

• Creating new network applications. 
To make full use of these multi-organiza¬ 
tional networks, users must be free to cre¬ 
ate custom solutions. These network pro¬ 
gramming techniques are like the techniques 
used for local-area networks, but also take 
care of diversity, scale, and security. 
DRAWING ON OSI, POSIX. These problems 
loomed unanswered over the 1980s. Any so¬ 
lution would have to draw on the experience 
gained with environments that used a sin¬ 
gle operating system but be suitable for use 
in a multivendor environment using OSI and 
Posk standards. 

DCE specifies programming interfaces 
and protocols for network computing in a 
form suitable for standardization. OSF also 
provides a reference implementation of DCE 


Defining terms 

Access control list (ACL): a list of users and 
groups of users, along with the rights granted to 
them. 

Argoments: vaiues passed to or from a procedure. 
Buffering: gathering data into intermediate storage 
to improve data transfer speed. 

Credenllflis: information regarding identity and 
priviieges granted to a user. 

DIreclory: iist of data items and information about 
them used to reference the items. 

Dlstrlbuled compullng onvlronmont (DCE): one 
in which processing power and data reside in many 
computers, rather than just ona 
Encryption: encoding and decoding data via a key 
to restrict access to data to those who know the key. 
Inloroporalo (noun: Intoroporoblllty): allowing 
muitiple computers to exchange data and controi 
information in meaningful ways. 


for Unix in ANSI C, which is a popular lan¬ 
guage for system programming because it 
allows good performance while maintaining 
portability. In feict, DCE is the only software 
platform available today to address all major 
issues in multi-oiganizational computing [see 
table]. 

Many leading computer vendors are now 
in the course of porting DCE software to 
their operating systems. Soon end users will 
be able to buy DCE implementations as part 
of the operating-system software on plat¬ 
forms employing Unix, VMS, MVS, MS- 
Windows, and other operating systems. 


Network Analyzer: a ^tem used to examine or 
modify network information for diagnostic purposes. 
Portability: the ease with which a software system 
or component can be transferred from one hard¬ 
ware or software environment to another. 

Remote procedure call (RPC): a call to a proce¬ 
dure that resides in a computer other than the call¬ 
ing one. 

TCP/IP: Transmission Control Protocol and Inter¬ 
net Protocol, the transport and network protocols 
used in the Internet and related networks. 
Server: a computer providing service in a network. 
ITanspert-layer Interface: programming interface 
to layer 4 of the OSI network architecture, which is 
responsible for reliable end-to-end delivery of data. 
X.50I directery system: a worldwide directory of 
information, generally used for user names and elec¬ 
tronic mail addresses, conforming to CCITT stan¬ 
dard X.500 and related documents. 


Network computing must take the physi¬ 
cal network into account as well as the oper¬ 
ating system. DCE software is installed on 
each computer in a system and accesses the 
network through a transport-layer interface. 
The typical network in the engineering com¬ 
munity is a TCP/IP (Internet) network, but 
it could also be an OSI network, or an 
equivalent proprietary protocol. 

A program tiiat will run on multivendor 
networks must meet the programming re¬ 
quirements of the networks. They include 
synchronizing with programs on different 
systems, buffering large transfers, convert¬ 
ing data representations (if necessary), and 
verifying security credentials. Such 
programming is tedious and subject to error 
when done by hand. DCE software auto¬ 
mates the process, making it practical to cre¬ 
ate reliable, secure applications for a vari¬ 
ety of network configurations. 

For example, consider the problem of 
sending a large array of floating-point num¬ 
bers from a VAX computer running VMS to 
a Sun workstation. In these two computers, 
the operating systems, floating-point data 
representations, and byte ordering when 
transmitting data are all different. Because 
the array in question is too large to be sent 
in a single network message, DCE software 
handles all the programming steps needed 
to send it—breaking it into pieces, transmit¬ 
ting the data, and converting values for the 
receiving computer [Fig. 1]. 

One illustration of how this technology is 
used might be a circuit-simulation package 
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that runs on a Unix workstation and uses 
sample data located on another network, as 
well as data found nearer home on a cor¬ 
porate MVS database of preferred parts 
(MVS is the most common operating system 
for IBM mainframes). Using OSF DCE soft¬ 
ware, the application can access the data¬ 
base and test data regardless of where the 
databases are located. The application can 
run on multiple sites, on different networks, 
or with different databases, all while 
preserving the network programming. 
6L0BAL NAMING. Distributed systems use 
names to describe a variety of resources, 
such as computers, files, directories, 
and programs. These names must uni¬ 
quely identify each resource through¬ 
out the entire distributed computing 
system, and remain constant when a re¬ 
source moves to a different computer. 

The system must be able to create and 
manage a great many names without 
requiring huge look-up tables on each 
system. 

Unique global names are easy to cre¬ 
ate if hierarchically constructed. A local 
resource name, such as /usr/bin/file, 
has one or more names prefixed to it, 
to indicate in which part of the system the 
named resource can be found. OSF DCE in¬ 
vents global names by prefixing a local re¬ 
source name with a unique cell name. (Cells 
correspond to organizations, as the term is 
used in this article.) A cell is a collection of 
computers under a common administration. 
It might consist of 10 to 10 000 computers. 
A corporation or university would use one 
cell per organization. Large cells suit cen¬ 
tral administrations, whereas multiple cells 
favor local control. Cell names and locations 
are registered in a worldwide directory, 
where (generally) thousands of entries are 
catalogued in a distributed database main¬ 


tained on assorted computers around the 
world. These computers are usually dedi¬ 
cated to support network access at corpo¬ 
rations, universities, public telephone com¬ 
panies, and similar organizations. A single 
part of this data may require from 1 to 100 
megabytes or so, depending on the quanti¬ 
ty of information maintained at that site. The 
directory often takes the form of either the 
Internet Domain Name System, or the OSI 
X.500 distributed directory. 

The OSF DCE uses consistent global 
names for the following resources: files; 
users; network services, such as those 


such as printers and databases. 

Using the OSF DCE name syntax, a file 
might be named: 

/.. ./mydept.mycorp.com/fs/usr/barb/file 
In this example, the prefix “... ” means a cell 
name follows, the ‘ ‘mydept.mycorp.com’ ’ is 
the cell name in Internet format, the “fs” 
indicates a file name, and “usr/barb/file” is 
the name of the file. (The cell name in X.5(X) 
format is “C=US/0=MYC0RP/0U= 
MYDEPT”, with country, organization, and 
organizational unit specified explicitly.) 


Names are stored in a cell directory. They 
are managed by a directory administrator, 
who might also administer the local-area net¬ 
work. They are available to users in other 
cells as connectivity and security policy 
allow. Cell directory servers cooperate to re¬ 
solve name lookups that cross cells. 

The circuit-simulation application uses the 
directory to find the addresses of database 
servers and test data. Database servers and 
test data can be located in different cells, 
even at different organizations [Fig. 2]. 

By using global names, the OSF DCE file 
system enables each user’s files to form part 
of a worldwide file system with world¬ 
wide availability. FUes can reside on 
dedicated file servers, as well as on a 
workstation. Files in all cells are com¬ 
bined to form the worldwide file sys¬ 
tem, as in the file name example. DCE 
file system data can also be accessed 
from file systems such as NFS. 

For an example of worldwide file sys¬ 
tem use, consider the DCE software 
development process. DCE develop¬ 
ment took place at multiple sites, sepa¬ 
rated by thousands of kilometers, all 
connected by a dedicated network 
using an early version of the OSF DCE file 
system. This system allowed developers at 
each site to share files with other sites. For 
example, code drops to fix bugs became 
available to multiple sites simultaneously. 
SYSTEM SECURITY. Security for a distribut¬ 
ed system is more complex than for a stand¬ 
alone system. For example, an Ethernet net¬ 
work analyzer can record or modify network 
traffic, including passwords and data. Since 
the users of a network are at a distance from 
one another, they could take the liberty of 
impersonating legitimate users without the 
risk of discovery posed by physical tres¬ 
passing. 



residing in directory and authentication serv¬ 
ers; computers; and user-defined resources. 


Cell A 




[2] A circuit simulator application (left), which may reside any¬ 
where in a distributed computing environment (DCE), employs 
the DCE directory service to look up the addresses of a database 
server and test data it requires. Here the database server process 
resides in computer m in cell B, the test data in computer 2 in cell A. 

[3] When a user logs in from a computer (client) in the DCE, a 
security service—a special program in another computer in the same 
cell—checks and authenticates the user (above). Later in the 
course of executing a program, the client may make a remote pro¬ 
cedure call. That request is automatically routed to a server that 
carries access control lists (ACLs)—lists of users allowed access 
to specific databases in which the procedure may reside. Inclusion 
of a name in an ACL allows that user access to the data associat¬ 
ed with that ACL. 
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OSF DCE uses encr^tion to avoid Capabilities of networking software today works, and to reduce server down- 


these and other security problems. 
Each cell maintains a protected regis¬ 
try of users in that cell and their en¬ 
crypted passwords. Users and serv¬ 
ers are authenticated (verified) by a 
special protocol that acts as a deter¬ 
rent to impersonation. Users obtain 
security credentials for all OSF DCE 
services from a single network login 
to the authentication server—a com¬ 
puter program that keeps track of the 
identities and 


of users—as opposed to logging in 
once for each service. 

T I<5ini7 thp aiithpntiratinn w<stem "Hw such as IBM's S) 

usmg me aumenucauon system, nas, or Unix international's Atlas, which all incorporate the Opei 
servers deterrmne which user is at¬ 
tempting to receive information or 
perform an operation. The server 
then refers to an access control list 
(ACL) to determine whether this user 
has rights to that information or oper¬ 
ation. For example, the OSF directo¬ 
ry service maintains an access con¬ 
trol list for each resource name, and 
this list determines which users can 
do look-up operations on that name. 

Each file and directory in the OSF 
DCE file system has an access con¬ 
trol list, too [Fig. 3]. 

Cells cooperate to grant users 
rights in cells other than the one that 
registers them, so a single network 
login can allow access to other cells. 

Cell administrators—those responsi¬ 
ble for the part of the network includ¬ 
ed in a given cell—can limit such ac¬ 
cesses from foreign cells, or, in the 
default configuration, can prohibit 
them altogether. 


time. Servers can be managed from 
any point in the network. 

And what about the performance of 
a DCE? Depending on network load, 
a remote procedure call typically 
takes only a few milliseconds, over 
and above the processing time, which 
has to occur whether done locally or 
remotely. It is generally a good idea 
to design an application to depend on 
only part of network capacity. 
RELIABILITY THROUGH REDUNDANCY. 


Combined effort for open systems 

The Open Software Foundation (OSF) was founded as a not-for-profit 
R&D organization to deveiop software that would allow hardware 
and software from different vendors to work together. Today OSF 
has more than 330 members-hardware and software vendors, end 
users, and university and research organizations-working cooper¬ 
atively to further the adoption of open systems. 

OSF provides "enabling technologies,” software that allows sys¬ 
tem and software suppliers, as well as programmers in end users’ 
organizations, to build on a common software foundation. OSF’s 
open computing environment includes the OSF/1 operating system, 
the OSF/Motif graphical user interface, the OSF Distributed Com¬ 
puting Environment (DCE), the OSF Distributed Management En¬ 
vironment (DME), and the OSF Architecture-Neutral Distribution For¬ 
mat (ANDF). Adopted by vendors worldwide, these technologies 
comply with relevant industry standards and specifications such 
as those of IEEE Fkrsix, which provide interoperability among di¬ 
verse systems. -D.H. 


The circuit simulator in the example is run 
by a user registered in his or her cell and 
with rights to certain information. In order 
to access this information, the circuit simu¬ 
lator sends authenticated requests to the 
database servers. The servers reject at¬ 
tempts to access information by unauthen¬ 
ticated users (system penetrators) or un¬ 
authorized users (those not approved for 
access). 

SUPPORTING NEW APPLICATIONS. Network 
computing encourages the creation and 
deployment of distributed applications by 
means of a distributed programming tech¬ 
nique. The technique used in the OSF DCE 
is the remote procedure call (RPC). With 
RPC, a user can invoke a procedure on a re¬ 
mote system—one in the next room or even 
thousands of kilometers away—in a manner 
that looks like a local procedure call. The 
system moves arguments to the remote 
procedure, and returns its results. The RPC 
mechanism also handles most interoperabil¬ 
ity considerations, such as synchronization, 
data encoding, timeouts, and security infor¬ 
mation. Timeouts occur when a computer 
fails to respond within an allotted time as a 
result of computer or network failure, over¬ 
load, or any other reason. 

An RPC server is the remote equivalent 


of a library of procedures. An RPC client is 
the calling program. Clients and servers lo¬ 
cate each other with the help of the direc¬ 
tory server through a process called bind¬ 
ing. RPC clients also use remote procedure 
calls to communicate with security servers 
to obtain authentication. 

In practice, the OSF DCE programming 
c^abilities allow robust distributed applica¬ 
tions to be written in a matter of days, rath¬ 
er than weeks or months. They streamline 
the effort by automatically generating net¬ 
work protocols that correctly handle multi¬ 
vendor operation, naming, security, and 
error recovery. 

COHIMUNICATING CELLS. A basic DCE con¬ 
figuration has two cells. DCE software is in¬ 
stalled on each computer in the cells to pro¬ 
vide the basic software for remote procedure 
calls used to access services offered on any 
computer within the DCE. All computers 
use remote procedure calls to communicate 
with each other as needed by applications. 
Different brands of computers can be used 
within and between cells. 

Each cell maintains its own directory, 
security, and file services on centralized 
machines. Communications within a cell are 
obviously faster than between cells, since 
fewer servers are involved. Servers can be 
replicated (duplicated) to handle large net- 


As to system reliability, it can be im¬ 
proved if the system is set up so that 
oftSuSl^'s Dis' each of several computers provides 
all essential services, such as direc¬ 
tory, authentication, or file service. 
Then if one is down, the system may 
still function. If any essential services 
are available only on one computer, 
in contrast, the system will not oper¬ 
ate if that computer is down. Dis¬ 
tributed computing reliability de¬ 
pends on the underlying network 
reliability. 

Granted, the administration of a 
distributed system is more complex 
than the management of a single, local 
system, but a well-designed distribut¬ 
ed system can be easier to manage 
than a collection of traditional systems 
with the same number of computers. 

Finally, the price paid for distribut¬ 
ed computing in terms of memory al¬ 
location is not all that high—its firnc- 
tions require anywhere from 1 to 10 
megabytes for software and data on 
each participating computer, depend¬ 


ing on the operating system in use and the 
number of services offered. Large server 
configurations may require more. 

TO PROBE FURTHER. To learn more about net¬ 
work computing, consult Computer Net- 
mrks, by Andrew Tanenbaum, Prentice 
Hall, 1989, a general-purpose text on the 
network foundation of network computing. 
Distributed Systems, edited by Sape 
MuUender (ACM Press, 1989), provides an 
in-depth look at distributed-systems issues, 
including remote procedure calls, security, 
and file systems. 

Information about the OSF DCE is avail¬ 
able in-a variety of papers and documents 
from OSF, including the Introduction to 
DCE, by Jennifer Steiner, Prentice Hall, 
1992. Contact this article’s author at 11 Cam¬ 
bridge Center, Cambridge, Mass. 02142, for 
more information. 

Posbc standards are discussed in “IEEE 
Posix: making progress,” IEEE Spectrum, 
December 1991, pp. 36-39. 

ABDUT THE AUTHOR. Douglas Hartman is 
director of Distributed Computing Environ¬ 
ment (DCE) engineering at the Open Soft¬ 
ware Foundation Inc., Cambridge, Mass., 
where he manages DCE architecture and 
implementation. His interests include oper¬ 
ating systems, networks, and applications of 
technology. ♦ 
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After an exemplary 34-year 
career in avionics and 
administration, Elizabeth 
Laverick hopes to show other 
women the way to the top 

never determined my ca¬ 
reer. It just sort of hap¬ 
pened,” said Elizabeth 
Laverick, the only woman 
ever named an IEEE Fel¬ 
low in the Section covering 
the United Kingdom and 
Republic of Ireland. 

What ‘ ‘just sort of happened, ’ ’ as Laver¬ 
ick modestly puts it, has been one of the 
more remarkable engineering careers in 
post-World War II Britain. There are almost 
too many milestones to count, and the un¬ 
assuming, earnest Laverick is not the type 
to rattle them off. But over the course of a 
5-hour interview, a few leak out: the first 
woman to earn a Ph.D. in a scientific cur¬ 
riculum at the University of Durham in the 
north of England, where her specialty was 
audio frequency dielectric measurements; 
the first woman to make it into the top 
management echelon of a major British de¬ 
fense contractor; and the first woman 
to serve as Deputy Secretary of the 
UK’s Institution of Electrical Engineers 
(lEE). As deputy secretary, Laverick 
held the second-highest stkf position 
in the lEE, the British counterpart of 
the IEEE. 

WAR AND REMEMBRANCE. Like many 
other British engineers of her genera¬ 
tion, Laverick’s choice of career was 
profoundly influenced by World War II, 
and the heroic role played by the de¬ 
velopers of radio, radar, and other tech¬ 
nologies. To the teenager in Amer- 
sham, about 55 km northwest of London, the 
war was never very far from home. One 
night in 1940, for example, German pilots 
bombed a searchlight at a nearby small Brit¬ 
ish Army encampment. Hearts pounding, 
the 14-year-old Laverick and her older sis¬ 
ter jumped out of bed to watch the hubbub 
in their otherwise sleepy village. 

‘ ‘I remember mother calling out, ‘You are 
under your beds, aren’t you?,’ ’’Laverick 
said. ‘‘We said yes, but of course we were 
craning out of the windows.” 


At 16, Laverick, who had excelled in 
mathematics at Dr. Challoner’s Grammar 
School in Amersham, was ready for college. 
But her first choice—Durham—refused to 
let her in until she was 17, so Laverick ap¬ 
plied for a job as a technical assistant at the 
Radio Research Station at Ditton Park. 
Traveling to Ditton Park on the morning of 
her interview, Laverick and her mother got 
lost. All road signs in the area had been taken 
down as a precaution against a German in¬ 
vasion. 

Half an hour late for her interview, and 
convinced she had already lost the job, 
Laverick was ‘ ‘ushered into a room with five 
or SK elderly gentlemen, or what I thought 
were elderly gentlemen. ’ ’ During the inter¬ 
view, a man with a thick beard asked her a 
question, and had to repeat it two more 
times before Laverick could make out what 
he was saying. The question was: ‘‘Is your 
hearing good?” 

‘‘I thought, surely, that’s that,” she 
recalled with a laugK The bearded gent 
wanted to know about her hearing because 
the job would entail listening to radio signals. 
‘ ‘In those days, my hearing was excellent, ’ ’ 
she said. ‘ ‘I was just nervous, and probably 
couldn’t hear him through that beard.” 

Much to her surprise, she was offered the 
job. In an era when global communications 


Being a woman 
physics student didn’t 
seem odd because ‘it was 
wartime, and everything 
was odd’ 


Glenn Zorpette Senior Associate Editor 


depended on high-frequency radio, an im¬ 
portant part of the laboratory’s work in¬ 
volved ionospheric measurements and ex¬ 
periments, particularly on the E and F 
layers. She aJso worked on projects in radar 
and radio direction finding, some led by 
Reginald Leslie Smith-Rose, a radio pioneer 
who would later give Laverick her first job 
reference. 

Although Laverick was assigned to an of¬ 
fice at the research laboratory, where she 
plotted and analyzed data, she was allowed 
one day a week in the laboratory. ‘‘It was 
the first time they allowed a woman into the 


laboratory, ’ ’ she recalled. Thus began a 20- 
year stretch in military electronics and avion¬ 
ics, followed by a 14-year career with the 
lEE. 

FATHERLY ADVICE. Laverick credits her father 
with steering her toward physics and radio 
rather than mathematics, which was her first 
love. A pharmaceutical chemist who later 
managed his own baby-foods plant, her fa¬ 
ther intensely valued self-reliance. He had 
moved to a small house on a plot of just over 
half a hectare in then-rural Buckingham¬ 
shire, where the the family grew its own pro¬ 
duce and raised chickens and ducks, and 
Laverick spent a happy childhood. 

‘ ‘Father was very keen that my sister and 
I become sufficientiy qualified in our fields, 
whatever we chose, to look after ourselves 
no matter what happened, ’ ’ she explained. 
If she concentrated on mathematics, she 
thought her job options after college would 
have been limited to teaching. And if she 
were to become a teacher, marriage would 
have made her financially dependent on her 
husband: at the time, married women in 
Britain were not allowed to teach or hold any 
government job. 

So physics and radio it was. Besides 
Laverick, 20 young men began the physics 
program at Durham in 1943, and when it 
came time to choose laboratory partners, 
Laverick was the odd woman out. Not 
that she was intimidated by being the 
only—and first—female physics major 
at Durham: ‘ ‘Itdidn’t seem odd at the 
time because it was wartime, and 
everything was odd, ’ ’ she said. ‘ ‘So I 
didn’t take notice of it.” 

It also helped that she was for the 
most part better prepared than most of 
her male classmates. During her year 
at the Radio Research Laboratory, she 
had learned to solder, test vacuum 
tubes, and operate other test instru¬ 
ments, which gave her a ‘‘great feel¬ 
ing of confidence.” 

Laverick characterizes herself as ‘ ‘a very 
shy girl” during her undergraduate years. 
The record shows she was also an academ¬ 
ically outstanding undergraduate, who 
played violin in the orchestra at Durham Ca¬ 
thedral and did volunteer work at the local 
YMCA. After completing a three-year B.Sc. 
course with honors, she began doing re¬ 
search on audio frequency dielectric meas¬ 
urement, which led to a Ph.D. from Durham 
in 1950. 

Shortly after receiving her Ph.D., she was 
hired by Sir Robert Clayton at GEC-Stan- 
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more (now Marconi Defence Systems Ltd.), 
where she worked in microwave antenna de¬ 
sign. An energetic young woman who liked 
‘ ‘climbing up and down microwave towers, 
and being in the open air,” she enjoyed 
working with Clayton, whom she still con¬ 
siders a mentor. But she noted that even 
with a Ph.D., she started off at only £400 a 
year at GEC-Stanmore—£50 less than men 
with bachelor’s degrees were tiien being paid. 

Forty-two years later, she said, surveys 
show that the salaries earned by British 
women engineers are still lower than those 
of their male colleagues. Even allowing for 
the fact that ‘‘a lot” of women cut their 
careers short or take an extended leave to 
raise children (which drags the median sal¬ 
ary down), ‘ ‘it’s still pretty dear that there’s 
a discrepancy,” she said. 

CAREER MOVE. The opportunity to concen¬ 
trate on research and move into 
management led her in 1954 to accept 
a position as a section leader with El¬ 
liott Brothers Ltd., where she worked 
on millimeter-wave instrumentation. 

Among the many projects she was in¬ 
volved with, or in charge of, at Elliott, 
one that stands out was an intrusion- 
detection system built around an off- 
the-shelf seismic sensor. Signals from 
the sensor were converted into the au¬ 
dible range, and intrusion in an area 
created a distinct sound and triggered 
alarm lights. Her first project to go into 
practical use, it was used at a British mili¬ 
tary base in Burma (now Myaiunar) in the 
late 1950s, and later at a prison in Wales. 

Later on, as head of Elliott’s 40-member 
Radar Research Laboratory, Laverick 
worked extensively on a system for monitor¬ 
ing aircraft landings, from touchdown to roll¬ 
out. The system was used in the late 1960s 
to monitor aircraft landings at London’s 
Heathrow airport, alerting air-traffic con¬ 
trollers when an aircraft’s landing system 
was off center. 

In the 1950s, for eight years, Laverick was 
married to a physicist she had met during 
her graduate studies at Durham. The ex¬ 
perience seems to have helped shape her 
views on juggling profession^ and personal 
concerns, views she now shares with young 
women starting out in engineering. ‘ ‘If you 
want to combine career and family,” she 
tells them, ‘ ‘find a partner who agrees with 
you. Because if it’s not a joint venture, you’ll 
break up your career or your marriage.” 
SURPRISE PROMOTION. The late 1960s was 
a period of almost incredible activity for 
Laverick. In 1968 she was named general 
manager of Elliott Automation Radar Sys¬ 
tems, much to her own surprise. ‘‘It had 
never seemed to me that I’d break through 
into general management,” she recalled. 
Between 1967 and 1969, she was president 
of Britain’s Women’s Engineering Society, 
and in 1969 also served as an lEE coun^ 
member. When asked how she managed to 
hold down so many responsibilities simul¬ 
taneously, she answered simply; ‘‘It was a 


time when I found that the more I did, the 
more I could do.” 

The acquisition of Elliott by Marconi in 
1968 brou^t a whole new set of challenges, 
not the least of which involved defending and 
championing many of Elliott’s radar projects 
at a time when the parent company was in¬ 
clined to curtail them or merge them with 
those of its own companies. Sir Robert Tel¬ 
ford, who was then in charge of merging El¬ 
liott (and other companies) into what is now 
the GEC-Marconi Co., recalled that both 
companies were hard at work on infantry 
radar systems for detecting ground targets, 
‘‘so there was the question of who would 
carry on with the work. ’ ’ Laverick ‘ ‘fought 
a very skillful battle to retain it in her par¬ 
ticular laboratory, and I agreed to that at the 
end of the road,” he said. 

The ‘‘very shy girl” at Durham had be¬ 


come, in Telford’s words, “a very deter¬ 
mined person, extremely competent, and 
very, very skillful in her arguments and han¬ 
dling of the issue... She was good, no doubt 
about that.” 

Another of the projects that had originat¬ 
ed at Elliott was the radar for a proposed air¬ 
borne advanced early warning system called 
AEW (later Nimrod) . But in 1971, the Brit¬ 
ish Government terminated the research 
contract for AEW, which prompted Laverick 
to do some soul-searching. ‘ ‘That was when 
I began to start wondering, well, do I really 
want to do this for the rest of my life?” 

At about the same time, Laverick learn¬ 
ed that the lEE was looking for a deputy 
secretary. She had been active in several 
professional organizations, including the 
lEE, since the 1940s and “felt quite strongly 
about the services the institution provided, 
or didn’t provide.” 

“By then, I was more interested in 
management than technical concerns, and 
management within the institution was fas¬ 
cinating, ’ ’ she explained. Like the IEEE, the 
lEE is a heterogeneous group whose inclu¬ 
sion of academics, as well as those interested 
in standards, publishing, professional issues, 
and technical legislation and regulation, in¬ 
spires cross-fertilization and spirited debate. 

After getting the job at the lEE, Laverick 
took a special interest in career development 
issues, helping initiate programs in televised 
instruction and create courses on advanced 
manufacturing, electrical wiring regulations, 
and other subjects. 


Five years before she retired from the 
lEE, Laverick moved back to her native 
Amersham to help care for her elderly par¬ 
ents, who still lived in the same home she 
grew up in. After they died, she and her sis¬ 
ter sought out a developer who agreed to 
build a nursing home on the site. 

Today, Laverick can see the two-story 
nursing home from a window of her own 
residence, a 1920s bungalow whose interi¬ 
or she has had completely redesigned. “If 
I had a second choice, it would be to be an 
architect, ’ ’ said Laverick, now in the midst 
of a major landscaping project. 

WOMEN’S CHAMPION. These days, when not 
poring over designs for a fish pond she plans 
to put on her property, Laverick is likely to 
be involved with some issue affecting en¬ 
gineers, particularly women engineers. Out 
of the blue, she brings up the last IEEE elec¬ 
tion. ‘ ‘For the first time ever, I voted, ’ ’ 
she said. “I voted for Martha Sloan. I 
felt sufficiently strongly that she’d done 
a lot within IEEE, and it would be great 
to have a woman in that position.” 
Clearly delighted with Sloan’s success, 
she hopes to meet the IEEE President- 
Elect someday. 

Even in retirement, Laverick still 
pursues one of her strongest interests, 
that of improving the lot of women in 
engineering. ‘ ‘Unless we’re willing to 
act as role models, and go out and tell 
girls about engineering as a career, 
we’re not going to increase in number, ’ ’ she 
said, “because there is still a lot of preju¬ 
dice among parents and teachers against it 
[encouraging girls to pursue technical 
professions].” According to Britain’s En¬ 
gineering Council, only 1 percent of regis¬ 
tered British engineers are women, as com¬ 
pared with 8.2 percent in the United States. 

One of her perennial concerns is increas¬ 
ing membership in the Women’s Engineer¬ 
ing Society, which now totals about 800. 
“The proportion of women engineers who 
join is too low, ’ ’ she said. ‘ ‘There are over 
4000 women engineers just in the lEE, so 
I presume there must be at least 15 000 out 
there” in the United Kingdom. 

“Often the woman engineer, particular¬ 
ly the young woman graduate, is pretty con¬ 
fident that she’s going to manage, and she 
doesn’t want to be thought of as different, ’ ’ 
Laverick said. “It’s only with time that she 
realizes that there is still quite a lot of prej¬ 
udice, and we really don’t have equal oppor¬ 
tunity yet. ” She herself joined the Women’s 
Engineering Society in the 1950s but did not 
become very active in it until the 1960s. 

She still gives talks to girls and young 
women about engineering, although less 
often now, in the belief that “it’s best to let 
the younger women do it. ” Always, she said, 
her talks are based on her own experiences 
—“what I found good about my career.” 

“Engineering is all about people,” she 
tells them. “It’s not some abstruse techni¬ 
cal endeavor; you’re thinking out solutions 
for the kinds of things people want.” ♦ 


Only with time 
does the woman engineer 
realize that ‘there is 
still quite a lot 
of prejudice’ 
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FOR THE RECORD 


Jan. 28,1958: a laser is bom 



The use of a diffraction 
grating for mode selectivity 
captured the imagination 
of Arthur L Schawlow, 
one of the laser’s inventors 

I nly a few decades old, the 
laser—a device for light 
amplification by stimulated 
emission of radiation—has 
revolutionized many indus¬ 
tries, including medicine, 
manufacturing, construc- 
I tion, and printing. Its 
predecessor was the maser, which dealt in 
microwave amplification and so emitted at 
longer wavelengths than light. 

The maser was conceived in 1951 by 
Charles H. Townes, then a professor at 
Columbia University, New York City, and 
first demonstrated by him in 1952. The steps 
that led ftom the maser to the laser owed 
much to his working relationship with one 
of his research associates at Columbia, Ar¬ 
thur Leonard Schawlow, a Canadian physi¬ 
cist who was studying the application of 
microwave spectroscopy to organ¬ 
ic chemistry. Though Schawlow 
did not work on the maser, he kept 
an eye on it throu^ his close link 
with Townes, with whom he was 
writing a book on microwave 
spectroscopy. Later, at Bell Tele¬ 
phone Laboratories in Murray 
Hill, N J., Schawlow had begun ly 
the summer of 1957 to think of de¬ 
veloping a concentrated beam of 
far-infrared (not visible) light. 

By this time, Tbwnes was a con¬ 
sultant for Bell Labs, often confer¬ 
ring with Schawlow. It was at one 
of their meetings that the two first 
seriously debated how to develop 
some kind of infrared or even 
visible-light laser. 

Some decisions were simple. 

Schawlow opted to excite the 
atoms of potassium vapor, because 
potassium was the only substance 
he knew to have the first and sec¬ 
ond lines of its spectrum in the 
visible range. 

Mode selection, however, 
proved one of the biggest hurdles. 


It involved designing the resonator cavity so 
that it would reinforce only the waves of the 
desired frequency. Townes downplayed the 
problem, believing that once the atoms got 
excited, one or more modes would dominate 
over the others. Schawlow, though, felt just 
one mode should be selected because other¬ 
wise the light might emerge in all directions 
and over the whole bandwidth of the am¬ 
plifying spectral line. 

Of the many schemes Schawlow concoct¬ 
ed to select a mode, one of particular in¬ 
terest is his notebook entry on Jan. 28,1958 
[see illustration]. The entry describes how 
mode selection could be achieved through 
the shape of the resonator’s cavity. It under¬ 
scores the finding that mode selectivity 
could be increased by using diffraction grat¬ 
ings for the resonator walls (this was done 
nine years later in the first wavelength- 
tunable dye laser, built by Bernard H. Soffer 
and B.B. McFarland at Korad). Because the 
resonator cavity also provides stronger 
coupling between the light waves and atoms, 
the effects of stimulated emission are en¬ 
hanced, the entry adds. 

Schawlow later realized that to select one 
mode, all that was necessary was to select 
a direction for the waves. The two mirrors 
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on opposite ends of the resonator would then 
cause the waves to go back and forth a num¬ 
ber of times and generate a high mode selec¬ 
tivity. So he got rid of most of the resona¬ 
tor, keeping only its two ends. 

At this point, Schawlow and Townes be¬ 
lieved they had thoroughly analyzed the the¬ 
ory behind the laser and presented their 
ideas in their paper, “Infrared and Optical 
Masers,” which was published in Physical 
Review (Vol. 112, 1958, pp. 1940-49). 

In 1958 Schawlow discovered that the sat¬ 
ellite lines at 701 and 704 nm, which accom¬ 
pany the R (red) line in the spectrum of con¬ 
centrated ruby, were caused by the presence 
of chromium ion pairs. He also found that 
their lower energy levels were enough 
above the ground level that ions excited to 
those levels could be made to fall to a lower 
level by cryogenic cooling. With these lower 
levels essentially empty, he suggested there 
would be no absorption at these wavelengths, 
and so any ion pairs excited to the upper 
state of either sateUite line would produce 
some amplification by stimulated emission- 
in this case by cooling. (In contrast, tlie R 
lines start out with nearly all of the chromi¬ 
um ions in the lower energy level, so that 
more than half of them would have to be ex¬ 
cited before any optical amplifica¬ 
tion could begin.) An attempt with 
a low-power flash lamp failed. 

After another pioneer in the 
field, Theodore H. Maiman, a re¬ 
searcher at the Hughes Research 
Laboratories, then in Culver City, 
Calif., demonstrated the first ruby 
laser on May 16,1960, Schawlow 
attempted his cold ruby experi¬ 
ment with a bigger lamp. 

That proved to be the solution. 
As Schawlow had predicted, he 
and co-worker George Devlin 
found that, at liquid-nitrogen tem¬ 
perature or below, these two sat¬ 
ellite lines did indeed have a lower 
threshhold for laser action than 
the R line in a ruby crystal with 0.5 
percent chromium. The optical 
maser that Schawlow had ana¬ 
lyzed in 1958 finally worked. 

On March 22, 1960, the two 
were issued U.S. patent No. 2 
929 922. Soon after, several com¬ 
panies produced the first lasers. 
For their contributions, Townes 
shared the Nobel Prize in Physics 
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Arthur Schawlow’s ndebook entry dated Jan. 28,1958, describes how in 1969, and Schawlow shared it 


George Likourezos Editorial Intern _ ^ induce mode selection in a resonator. 
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SYSTEMS/RECLAMATION 


Surviving hell and high water 



Electronic equipment can 
often be rehabilitated after 
a fire or flood, but it helps 
to design it to minimize 
damage in the first place 

moky dirt and soot coat all 
the printed-circuit boards 
and manufacturing equip¬ 
ment, and some items are 
wet from the water used by 
the fire department. So half 
a million dollars’ worth of 
electrical and electronic 
equipment is now scrap, right? 

Not if you act fast. If corrosion—the big¬ 
gest enemy—can be stopped in the first 24- 
72 hours, then in at least three cases out of 
four the equipment can be cleaned and be 
up and running again as reliably as ever. On 
average, reclaiming equipment costs only 15 
percent as much as replacing it, and usually 
gets it back in service sooner. In a recession 
the savings this means on insurance premi¬ 
ums and capital expenditures can be crucial. 

Moreover, experience has shown that 
some equipment designs suffer less than 
others from smoke, water, and corrosion, 
suggesting ways that engineers can 
deliberately design equipment to min- 
imize its vulnerability to fire or water 
and to allow it to be cleaned and put 
back to work. 

SURPRISINGLY OFTEN. More often than 
managers like to admit, electric and 
electronic equipment in offices, banks, 
warehouses, power stations, or on 
manufacturing floors is ravaged by bat¬ 
tery acid, fires and smoke, floods, 
earthquakes, electric shorts, lightning ■ 
strikes, and other catastrophes. In the L 
small state of New Jersey alone, the — 
U.S. subsidiary of just one damage manage¬ 
ment and reclamation company, Imbach 
U.K. Ltd. (headquartered in Aldridge, West 
Midlands, England), responds to five or sk 
incidents per week. Worldwide there are 
close to a dozen such companies, each with 
offices in a number of countries [see table, 
p.47]. 

The most common type of damage they 
handle is the sooty film that smoke leaves 
on equipment, even in rooms not touched 
by fire. The next most common is damage 
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from water from building sprinkler systems, 
fire hoses, or even leaking radiator pipes in 
the ceiling overhead. 

Corrosion proceeds most rapidly right 
after exposure to fire, smoke, or water. The 
longer the exposure lasts, and in the case 
of fire, the hi^er the temperature reached 
inside the equipment, the less likely the 
hardware is to survive. 

In all cases, the first step in stopping cor¬ 
rosion is immediately disconnecting the 
damaged equipment from the power sup¬ 
ply-something most users can do by throw¬ 
ing a master power switch. Not only does 
that rule out further destruction from elec¬ 
tric shorts—it also erases any voltage poten¬ 
tials within the circuitry that would other¬ 
wise plate contaminants onto circuit boards 
and backplanes. 

Next, the ambient humidity must be 
reduced to below 50 percent. Although 
smoke does little damage while the fire is 
raging, the particulate residue left after the 
smoke has dissipated contains chlorides 
(from burning polyvinylchloride insulation 
and cabling and from Halon fire extinguish¬ 
er compounds in high heat) and sulfides 
(from burning paper). All are corrosive 
byproducts of combustion that eat away at 
metal contact surfaces in the presence of 
oxygen and moisture. So reducing the hu¬ 


midity slows the corrosion. 

Ideally the equipment should be trans¬ 
ported as soon as possible to a clean, air- 
conditioned, and humidity-controlled en¬ 
vironment, such as the laboratory of one of 
the damage management and reclamation 
companies. Note that the task is one for 
trained professionals only; otherwise, per¬ 
sonal injury, further damage to the equip¬ 
ment, or invalidation of warranties or ser¬ 
vice contracts may occur. 

If moving the equipment is not possible, 
then the site housing it should be sealed off 
from the outside elements. It should have 


plastic sheeting rigged up around its doors 
and windows so that dehumidifiers may be 
brought in. Under no circumstances should 
the building’s general recirculating air- 
conditioning system be used to flush out re¬ 
maining smoke and moisture; all that does 
is spread the contaminants to other rooms 
and floors, so that the building’s entire air- 
conditioning system and ductwork may have 
to be cleaned as well. 

HOW RAD IS IT? Once the environment is 
stabilized, the damage management team 
will analyze the nature and extent of the con¬ 
tamination so the owners can weigh the 
feasibility and extent of restoration. 

A fast but good electrochemical test at the 
site itself assesses the concentration of chlo¬ 
rides. A square centimeter on each of 20- 
30 contaminated surfaces is wiped with a 
cotton swab dampened with distilled water. 
Each swab is then crushed in a solution of 
distilled water and sodium nitrate, and the 
concentration of chloride measured with an 
ion-selective electrode. Generally speaking, 
a contamination of less than 50 iiglcnf 
means the equipment would be very easy 
to clean by hand; between 500 and 1000 
lig/crtf, on the other hand, means the equip¬ 
ment would have to undergo repeated wash¬ 
es and rinses, being checked for contami¬ 
nation at the end of each cycle. 

If chloride contamination exceeds 
1000 /tg/cnf, a second test is necessary. 
Various surfaces are sampled by press¬ 
ing a special sticky conductive tape 
against them; the tape samples are then 
placed in a vacuum chamber where 
they are analyzed by scaiming electron 
microscopy and electron dispersive 
spectroscopy. The scans yield qualita¬ 
tive and semiquantitative values of all 
the elements present, from sodium to 
gold and heavier. X-ray techniques, 
such as X-ray fluorescence and X-ray 
absorption, can provide similar infor¬ 
mation. 

When the composition and concentration 
of the contaminants are known, a detailed 
and practical plan for the restoration of the 
equipment can be devised, including: which 
pieces can be salvaged without a loss of reli¬ 
ability (and which others are now scrap), 
which should be reclaimed first, what clean¬ 
ing techniques should be used, how long the 
job will take, and what it will cost. . 
REGINNING THE RECLAMATION. Once the 
necessary test samples are taken—a proce¬ 
dure taking up to a couple of hours—the 
damage management team will probably 


-1 

Reclaiming equipment, 
so that it runs as reliably 
as ever, may cost 
only 15 % as much as 
replacing it 
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Designing equipment to survive fire and fiood 


Corrosion-resistant 
anodized aluminum or 
galvanized or chromated 
steel; no polyvinylchlorides 
water-soluble adhesives, 
or absorbent materials 


Equipment easy to disassemble, 
with one-way mechanical 
interlocking to ensure 
correct reassembly 


Printed-circuit boards, 
and components on them, 

far enough apart to Totally open or sealed components; 

prevent electrolysis /no partly sealed or "dust-proof ones 

Smoothly molded frames 
minus crevices; the top 
shaped to shed water 


, Vent covers angled downward 



, User-washable or -replaceable 
' fan filters, dense enough to 
trap smoke particulates 

^ Flexible seals around 
ports for permanent 
cables and fans 


Batteries at lowest point to prevent 
harm from dripping battery acid; no 
sensitive components close to 
the floor 


Bottom 
off the floor to prevent 
submersion in 
standing water 


Emergency master power 
switch to cut power to 
equipment and room 
air conditioning 


CHLORIDE DAMAOE TO DIOOE 



Damage analysis. A power diode was severely contaminated by chlorides released from polyvinyl¬ 
chloride (PVC) electrical insulation during a fire (left-hand photograph). 

Restoration technique. After being hand-washed with soap and deionized water, the diode not 
only looked but was better-test results indicate no loss of reliability and operating characteristics. 
(The serial numbers do not show on the cleaned diode because the right-hand photograph shows 
the other end of the diode.) 

Design lesson. Avoid the'use of PVC insulation. At high temperatures it emits copious amounts 
of chlorides so corrosive that they often pit surfaces b^nd repair. In this case, the damage- 
management team was able to act within hours, minimizing the destructive corrosion. 



Lightweight plastic 
covers tor all user 
equipment; all equipment 
not in use always turned off 
and covered 
Source: Marvin Kurland 
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spray connectors, backplanes, and circuit 
boards with a water-displacing protective oil. 
The oil leaves a thin but easily removable 
coating to help prevent oxygen and moisture 
from contributing further to corrosion. 

Contrary to popular belief, water in itself 
does not permanently ruin electronic equip¬ 
ment, which can be splashed or sprayed with 
it, or even submerged in it without irrepara¬ 
ble harm. Water alone is quite innocuous— 
indeed, deionized water (which has about 
the same low surface tension as alcohol and 
essentially no conductivity) is used in clean¬ 
ing much damaged equipment. The trouble 
is due to corrosive impurities from pipes or 
soot that mix with the water—hence the use 
of a water-displacing oil to limit the occur¬ 


rence and extent of corrosion. 

As soon as possible, cabinet doors should 
be opened, side panels and covers removed, 
and chassis drawers pulled out to drain the 
water off, something a user can do. Never, 
ever, should water-damaged equipment be 
placed in cardboard packing boxes or any 
other material that will trap moisture inside 
the chassis. 

CLEANING PROCESSES. A damage manage¬ 
ment team will probably set up fans to move 
room-temperature air throng the equipment 
to dry it out, taking care to keep the damp 
air flow away from other equipment. Techni¬ 
cians may also direct compressed, deionized 
air at low pressure (about 0.7 megapascal) 
to blow out trapped moisture or direct heat¬ 


ed air from handheld dryers onto connectors, 
backplanes, and circuit boards. 

Chassis and large pieces of equipment are 
disassembled and may be spray-cleaned by 
deionized water at low pressure (about 
0.15-0.35 MPa). Circuit boards could also be 
washed by hand and gently scrubbed with 
a clean, soft brush in a continuous left-to- 
right, top-to-bottom motion to avoid any 
recontamination. If the equipment has been 
exposed only to chlorides, it may be washed 
with deionized water and mild detergent and 
rinsed with deionized water. If it has also 
been exposed to sulfides, it may also be 
washed with a solution of alkaline and 
deionized water. 

In any case, the rinse is followed with a 


SOOT AND SMOKE PARTICULATES 



Damage analysis. Smoke from a fire entered a graphics scanner ^tem through an opening 
next to this processor. Relativeiy few smoke particles settled on the printed-circuit boards, which 
were mounted vertically. Note the splash marks (left-hand photograph) from the water from the 
firefighters or from condensation. 

Restoration technique. The after the fire, the unit was cleaned with mild detergent and deionized 
water at low pressure. The cleaned unit (right-hand photograph) was back in service the following 
day, functioning normally. 

Design lessons. The vertical mounting of the circuit boards and the ease of disassembly and 
assembly were key to the success of this reclamation project. 



Damage analysis. The left-hand photograph shows a printed-circuit board from a telephone switch¬ 
ing system flooded when a pipe from a hot-water radiator ruptured on the floor directly overhead. 
Typically, water in such radiators is recirculated and is saturated with highly corrosive conlaminants, 
which encrusted this connector. 

Restoration technique. The equipment was cleaned with alcohol, mild detergent, and deionized 
water and then baked to drive out all the water from the reljp. Although the cleaned circuit board 
(right-hand photograph) was put back into operation, exposed metal surfaces remained badly pit¬ 
ted from the chloride corrosion. 

Design iessons. If the equipment had been protected from dripping water by an overhead shield, 
or not installed directly under a hot-water radiator, the loss would have been minimized. 


ELECTROLYSIS 

Damage analysis. A fire broke out on a floor above 
a microwave transmission system under bias and was 
extinguished with water. The water leaked down onto 
the transmission system, where it dripped onto the 
horizontally mounted circuit boards and remained for 
hours before it was discovered. Throughout, the system 
was under power. Note the carbonized contamination 
left on the boards by electrolysis, shorting, and arcing 
(top photograph). The bottom photograph shows a clas¬ 
sic representation of electrolysis, where the carbonized 
contamination was magnetically aligned along a con¬ 
ductive bridge between components. 



Restoration technique. The system was a total loss, 
as power was on tor hours with water present. 
Design lessons. Had there been a shield above the 
^tem to direct the water awe^ from the boards, most 
of them could have been saved. Had the boards been 
mounted vertically, or punctured with drain holes, the 
components would not have remained submerged. Had 
the spacing between components been a little wider, 
electrolysis might not have occurred. Also, had there 
been an automatic power shut-off triggered by the fire 
alarm, all the components could have been recovered. 
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Major international damage-management companies 


Aeroscopic Engineers Inc. 

5245 San Fernando Rd. W. 

Ids Angeles, Calif. 90039 
213-245-3024 
Disaster Recovery Team 
Sobro Group 
799 London Rd. 

Westcliff-on-Sea 
Essex, England 550 95Y 
{44-t-0702)471481 
Electronic Renaissance Corp. 

105 Newtield Ave. 

Edison, N.J. 08837 
9(B-417-9090 

Imbach U.K. Ltd. (headquarters) 
Westgate, Aldridge 
West Midlands, England WS9 8EX 
(44-+0922) 54144 
Imbach Australia Fly Ltd. 

29/8 Gladstone Rd. 

Castle Hill, N.S.W. 2153 
Australia 

(61+2)634 6855 


Imbach Corp. 

400 G Corporate Court 
South Plainfield, N.J. 07080 
908755-8400 

M.F. Bank Restoration Co. 

3120 Medlock Bridge Rd. 

Building J 

Norcross, Ga. 30092 
404-448-7250 

Relectronic GmbH (headquarters) 
Oskar-Messter-Strasse 8 
8045 Ismaning-bmuhn. 

Germany 

(49+089)960 76110 

Relectronic Service Corp. 

60 A Commerce Vtfey 
Totowa, N.J. 07512 
201-812-1940 

Restoration Technologies Inc. 

124 Spreading Oak Dr. 

Scotts Vbiley, Calif. 95066 
408-438-7614 


low-pressure spray of alcohol to drive out 
the water. Note the mildness of this clean¬ 
ing process compared to the rigors of 
manufacturing and wave soldering. The units 
are finally baked dry at 100 °C in special 
ovens, so as to remove all trace of moisture. 

In disasters involving steam-generating 
power equipment, a more extensive spray 
cleanup at higher pressure (about 1.5-3.5 
MPa) will be needed. This technique will 
also be used with the older, open type of 
transformer construction. Aside from that, 
the cleanup for heavy-duty power equip¬ 
ment is much the same as for delicate elec¬ 
tronics. 

BUSINESS DECISIONS. Since reclamation 
costs much less than new equipment, it is 
a desirable alternative, especially if equip¬ 
ment is fairly new and expensive. But as 
with all business decisions, money is not the 
only consideration. 

The time it takes to reclaim equipment, 
for instance, is just as important as the cost. 
Some standard equipment can be purchased 
from stock and installed within 48 hours. In 
that case, replacement may be far faster than 
reclamation, which could take weeks if lev¬ 
els of contamination are high. On the other 
hand, specialized manufacturing or labora¬ 
tory equipment might have to be custom- 
built, with replacement meaning delays of 
months or even a year. Then reclamation 
could be faster as well as cheaper. 

Another major factor is the condition of 
the facility. If the physical plant has been 
damaged by fire or smoke, the floors, walls, 
ceiling, air-conditioning ducts, and much else 
must be cleaned and decontaminated to pre¬ 
vent recontamination of the new or 
reclaimed electronic equipment. The time 
needed to clean and certify the facility may 
be longer than the time needed either to re¬ 
claim or to replace the equipment, so that 
the reclamation decision becomes one to be 
made in terms of cost or preference, not of 
time. 

More subtly, reclamation may affect war¬ 
ranties or service contracts. Some equip¬ 
ment manufacturers will not want their war¬ 
ranties or service contracts to continue after 
reclamation, feeling that they can no longer 
vouch for the equipment’s reliability. With 
the help of the damage management com¬ 
pany, that can be turned around. On the 
other hand, insurance premiums may remain 
lower after reclamation, as the cost to the 
insurance company was minimized. 

In any event, companies should be aware 
that, yes, disasters can befall them as well 
as their neighbor, and have a corporate 
strategy and policy in place before the worst 
should happen. 

DESIGNING RECLAIMABLE EQUIPMENT. A de¬ 
sign engineer must work closely with both 
components and material engineers to mit¬ 
igate the effect of fire, smoke, water, or 
chemicals on electronic equipment. Sugges¬ 
tions for design consideration are outlined 
in the figure on p. 45. As some of them cost 
more in the initial stages of design, the de¬ 


sign team must do a trade-off analysis. 

To amplify and add to some of the points 
made in the figure: 

• On sealing components: this is especially 
important for surface-mounted devices. Pot¬ 
ted components, which are sealed with an 
impervious material once they are mount¬ 
ed on a circuit board, are desirable. To be 
sure, if contamination creeps in, it will never 
come out—but the probabilify of contaminat¬ 
ing these components is low. 

• On minimizing the use of polyvinyl chlo¬ 
ride (PVC) plastics: although PVC cables re¬ 
main flexible at wide ranges of temperature 
and PVC is an excellent insulator, the plas¬ 
tic releases large amounts of highly corro¬ 
sive chlorides when exposed to fire. 

• On avoiding water-soluble materials or 
adhesives: they will be destroyed in any kind 
of spray used for putting out the fire or clean¬ 
ing the equipment. Also, absorbent materi¬ 
als of any kind should be kept to a minimum 
because they will only harbor contaminat¬ 
ed liquids. 

• Finally, plastic covers for terminals and 
keyboards not in use go a long way in 
preventing much damage from smoke and 
water. 

TO PROBE FURTHER. One of the first books 
published on the feasibility of using water 
to clean smoke-damaged electronics with¬ 
out hurting their reliability was the 133-page 
Effects of Corrosive Smoke on Electronics, by 
S. T. Olesen, published in Janu^ 1984 by 
the Danish Public Research Institute, Elek- 
tronik Centralen. Its address is Venligheds- 
vej 4, DK-2970 HMolm, Denmark; (45+42) 
86 77 22. 

Barry S. White, in his article “Corrosion 
Resulting From The Use Of Halocarbon Fire 
Extinguishants,” published in Industrial 


Corrosion, Vol. 6, no. 1, pp. 10-13,1988, was 
the first to describe the corrosive effects of 
Halon gas when used as a fire extinguisher 
in the presence of high heat. 

The annual conference of the Property 
Loss Research Bureau is useful for learning 
the views of loss managers and others on 
property loss claims and reclamation versus 
replacement. The next conference will be 
held April 19-21, 1993, in San Antonio, 
Texas. For more information on the meet¬ 
ing, contact the bureau at 1501 Woodfield 
Rd., Suite 400, Schaumburg, Ill. 60173; 
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PROFILE/COMPANY 


Nokia’s rising star flickers 


Made over from a supplier of 
rubber, paper, and cable to 
a key European high-tech 
player, Nokia saw its sales 
slide into a loss last year 


w 


hen Nokia Corp. reached 
its centenary in 1965, the 
Finnish company had a 
great deal to celebrate. 
Having started out as a 
small pulp mill on the Tam- 
merkoski River about 160 
km north of Helsinki, it had 
grown into one of Finland’s major industri¬ 
al firms with manufacturing businesses in 
rubber, paper, and cable. Profits were 
steady, and the Finnish banks and insurance 
companies that held most of the company’s 
stock were more or less content. 

When in 1977 Kari Kairamo was elected 
president and chief executive, however, 
things began to change. Kairamo continued 
in the direction chosen by his predecessor, 
Bjorn Westerlund, focussing staxigly on the 
company’s fledgling electronics department. 
Formed to service Nokia’s own computer 
systems, it had begun marketing its services 


Fred Guterl Contributing Editor 



Nokia 101 cellular telephone weighs in 
at275grams, including its own 
built-in battery charger 



first to Finnish and then to Scandinavian 
companies. In 1973 the department sold its 
first computer, the Mikko 2, for banking ap¬ 
plications. 

Kairamo was also quick to spot another 
business opportunity. The state-owned tele¬ 
phone companies in Scandinavia, which al¬ 
ready had very advanced fixed telecommu¬ 
nications networks, were beginning to fund 
R&D for radio telephone networks to reach 
customers spread thinly in remote areas far 
above the Arctic Circle. Kairamo, an insider 
in the small world of Helsinki industry, saw 
that early patronage fiom the telephone 
companies might just give Nokia a running 
start for exporting the technology abroad. 

To an extent that at the time would have 
seemed incredible, Kairamo succeeded in 
transforming Nokia from a forest products 
company with a tiny electronics department 
in the l^Os to one of Europe’s leading elec¬ 
tronics firms. Sales for its last fiscal year 
ending Dec. 31,1991, were 15.5 billion Finn¬ 
ish markkas (FIM), or US $3.7 billion (at 
about 4.2 FIM per dollar, though with a se¬ 
vere recession at home, the value of the FIM 
has been falling). 

Nevertheless, Nokia had catapulted itself 
into being Europe’s third largest television 
manufacturer, a significant player in the tele- 
communicatirais industry, md a world leader 
in cellular telephones. It is also developing 
a high-definition television (HDTV) system 


and is a supplier for the European GSM 
(global system for mobile commimications) 
standard for digital phone networks. 

What is especially stunning about this 
growth is that Nokia managed it while lever¬ 
aging its technological expertise: it conducts 
research only into key technologies, 
manufactures only the most crucial compo¬ 
nents, and relies on industry standard parts 
and third-party suppliers and manufacturers. 
LEVERA6ED STRUCTURE. This highly lever¬ 
aged structure, a by-product of the compa¬ 
ny’s rapid rise in electronics, is both Nok¬ 
ia’s strength and its weakness. By buying 
much of its technology and manufacturing, 
it can react faster than many competitors to 
changing technologies and business oppor¬ 
tunities. It is also betting on the ability of its 
product designers and systems engineers to 
stay at the forefront of their fields. 

But Nokia’s metamorphosis has come at 
a price. There was the social disruption that 
its employees suffered during the divest¬ 
ment of its old businesses and because of 
management mistakes in its new ones. And 
then Nokia’s expansion left the firm over¬ 
extended when the current recession hit 
more than a year ago. As a result, its 1991 
sales of 15.5 billion FIM represented a 16 
percent decline from 1990 (adjusted to take 
into account the sale of some businesses), 
and the company’s first ever loss, of 211 mil¬ 
lion FIM. Sdes have been in decline since 
1989’s peak of 22 Ji billion FIM. 

A decade earlier, that loss 
would have been inconceiv¬ 
able. The information industry 
then was posting tremendous 
growth throughout the world. 
To tap into that boom, Kaira¬ 
mo took a leading role in 
ushering in Finland’s high-tech 
era, which, it was hoped, 
would remove Finland’s de¬ 
pendence on forestry and put 
the small Arctic nation into the 
vanguard of European in¬ 
dustry. 

Kahamo himself seemed to 
embody a new breed of Fiim- 
ish businessman. “Kairamo 
was a spectacular person,” 
recalled Timo Ronk^en, an 

Production lines like this one in 
Bochum, Germany, have 
helped Nokia become Europe’s 
third largest manufacturer of 
television sets. 
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analyst at Unitas Securities Ltd. in Helsinki. 
“He was dynamic. He worked extremely 
long hours. He had strong views and took 
big steps.” 

ONE MAN'S VISION. From research done in 
the 1970s, Kairamo nurtured a thriving tele¬ 
communications business. It supplied tele¬ 
phone switches and mobile telephones to 
Scandinavia and, with the introduction of the 
DX-200 digital switch in 1979, the equipment 
was sent to European and Asian markets as 
well. Sales that year reached 3.1 billion FIM. 

Kairamo’s vision was of a company that 
could exploit the synergy among several 
lines of business. He boldly acquired major 
European electronics companies—most 
notably, the Consumer Electronics Division 
of Standard Elektrik Lorenz AG (SEL), 
Stuttgart, Germany, for its television capa¬ 
bility in 1987 and the Data Systems Division 
of L.M. Ericsson, Stockholm, Sweden, for 
its computers in 1988. To buy them, he sold 
whole sections of Nokia, mainly the rubber 
and paper products businesses, retaining the 
most profitable ones, such as tires, power 
and chemicals. By 1988, Nokia’s sales were 
21.6 billion FIM, with electronics account¬ 
ing for 60 percent of that total—nearly 80 
percent if the cables and machinery division 
was included. By 1991, that figure had in¬ 
creased to over 90 percent. 

In computers and consumer electronics, 
however, rapid expansion threw the compa¬ 
ny into a state of crisis from which it is only 
now emerging. When Nokia acquired Erics¬ 
son’s data business for 1345 million Swed¬ 
ish Kroner (US $224.2 million), the Scan¬ 
dinavian computer market was reaching 
saturation. The group was losing money, and 
when the general economy headed down¬ 
ward, opportunities for a fast recovery ap¬ 
peared slim. In 1988, for the first time in 
years, Nokia’s corporate profits took a slide. 

Euphoria quickly turned to gloom. Kaira¬ 
mo was bitterly disappointed. Said Ronkai- 
nen: ‘ ‘Nokia talked about reaching a $28 bil¬ 
lion [US dollars] turnover. They wanted to 
conquer Europe. But their plan was a com¬ 
plete failure and they stagnated. ’ ’ In Decem¬ 
ber 1988, Nokia suffered the additional trau¬ 
ma of Kairamo’s suicide. The death of its 
visionary and charismatic leader at the age 
of 56 loomed large at the company and his 
absence is still keenly felt. 

RETRENCHING. After Kairamo’s death, Simo 
Vuorilehto became chairman and chief ex¬ 
ecutive and Nokia entered a period of 
retrenchment. Last summer, for instance. 
International Computers Ltd. (ICL), Lon¬ 
don, a British firm acquired by Japan’s Fujit¬ 
su Ltd. the year before, bou^t the data di¬ 
vision for about US $400 million. 

Vuorilehto is described by business as¬ 
sociates as a conventional Finnish 
businessman—stem, formal, and lacking the 
flamboyance of his predecessor—whose 
pragmatism was seen as a necessary correc¬ 
tive. Vuorilehto will retire this June and be 
replaced by Jorma Ollila, the former presi¬ 
dent of Nokia Mobile Phones. 



1865 Fredrik Idestam establishes his Tempere 
Groundwood Mill and three years later builds a sec¬ 
ond mill in Nokia, Finland. 

1871 Idestam incorporates as Nokia Oy. 



1982 Nokia builds its first power-generating plant. 1987 Nokia merges with Rnnish Rubber/Cable. 


1919 Finnish Rubber Works buys into Nokia. 1973 First computer, the Mikko 2, for banking. 
1928 Finnish CM)le Works, owned Finnish Rub- 1977 Kari Kairamo is elected chief executive officer, 

ber, begins producing telephone cable. starts turning Nokia into an electronics company. 



Glue line for boots at Finnish Rubber Works, 1933. 
1948 Finland and USSR sign barter agreement. 
1968 Electronics department formed to service com¬ 
pany computers. 

1984 Nokia produces its first radio phone. 


1979 First analog telephone switch, the DX-200. 
1982 First digital DX-200. 

1984 Nokia acquires its first consumer electronics 
companies, TV makers Salora Oy of Finland and 
Luxor AB of Sweden. 

1988 Field trials begin for an integrated-services dig¬ 
ital network. 


1988 Nokia acquires L.M. Ericsson’s Data Division 
and the Consumer Electronics Division of SEL. 


1991 The data group is sold to ICL. 

1991 Nokia produces a cellular telephone based on 
Europe’s digital Global System for Mobile Commu¬ 
nications standard. xw 


NOKIA 


The present hard times have put Nokia on 
the defensive about Kaiiamo’s strategy. The 
company has been criticized as being more 
of an assembler of other people’s products 
than a bom fide manufacturer. Nokia execu¬ 
tives reject such thinking. Competition in 
semiconductors has gotten stiffer, they said, 
and the trend toward open systems has 
fueled competition in the market for sub¬ 
systems as well. 

‘ ‘A strategy of buying the best components 
[and subsystems] available from anywhere 
is not only beneficial but necessary,” said 
former president and chief operating officer 
Kalle Isokallio. “You differentiate yourself 
on software, not components.” 

After selling the data division, Nokia’s 
electronics focus has been narrowed to three 
main business groups: telecommunications, 
mobile telephones, and consumer electron¬ 
ics, primarily television. (Nokia has two 
other business groups: cables and machin¬ 
ery, and basic industries including chemicals, 
tires, and electric power.) 

Perhaps the most difficult group to pull to¬ 
gether was consumer products. It accounts 
for about one-third of Nokia’s sales and last 
year had revenues of about 5.3 billion FIM, 


down 17 percent from the year before. The 
division was formed out of four acquisi¬ 
tions—Salora Oy of Finland, Luxor AB of 
Sweden, Oceanic SA of France, and SEL, 
which alone manufactured 1.2 million TV 
sets a year and was one of the largest 
producers in Europe. 

The acquisitions brought Nokia’s annual 
volume of TV sets to 2 million units, which 
included 125 different models and 17 differ¬ 
ent chassis. Only recently has Nokia 
managed to trim the division. The purchase 
of Finlux this March provided Nokia with the 
opportunity to concentrate 'TV manufactur¬ 
ing in Turku, Finland, and in Bochum, Ger¬ 
many. A Salo, Finland, plant concentrates on 
monitors. (The Bochum plant also produces 
mobile phones.) 

Currently, the company’s color TV 
screens range from 14 to 33 inches, with the 
emphasis on up-market products such as dig¬ 
ital, laige-screen sets. In 1991 it introduced 
a 36-inch set with a picture ratio of 16:9 that 
can be broken up into several smaller in¬ 
dependent ratios of 4:3 (pictures within pic¬ 
tures). This year, it will bring 28- and 32- 
inch 16:9 models to market. 

Nokia entered the satellite dish market in 
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Nokia Corporation at a giance 



•Rate of exchange in 1991 approximately 4.2 


1991 sates by business group 


Consumer 

electronics 

Mobile phones 



Telecommuni¬ 

cations 


12% 


Cables and 
machinery 

Basic industries 



the 1980s, when it began making MAC (mul¬ 
tiplexed analog component) receivers for the 
PAL (the phase alternating protocol used in 
European television), D2MAC, and other 
protocols. (D2MAC is the intermediate stan¬ 
dard approved by the European Commission 
before the implementation of full-scale high- 
definition television, or HDTV.) Nokia’s 
sales of dishes grew somewhat in 1991, 
though the market declined some 10 
percent. 

FARMING OUT. Nokia farms out some of its 
television manufacturing to low-cost over¬ 
seas producers—particularly for the large 
UK market, to which 200 000 television sets 
were shipped last year from plants in China 
and Singapore. Nokia also closed its 
videocassette recorder (VCR) factory in Eu¬ 
rope, relying instead on manufacturers such 
as Sanyo, Sharp, and Akai. 

The main reason this was done, said Heik- 
ki Koskinen, president of Nokia Home Elec¬ 
tronics, a division of the Nokia Consumer 
Electronics business group, was that Nokia 
could not find the skilled labor needed to 
make the very small mechanical parts for the 


video heads. Europe no longer has a tradi¬ 
tion of fine mechanical work, he said. Nok¬ 
ia’s new VCR line is based on an active side¬ 
band optimization technology for improved 
picture quality that Nokia developed. 

Though Nokia has cut down on the num¬ 
ber of TV chassis it manufactures, its 
managers are still beset by the problems of 
marketing their technology to a fragment¬ 
ed Europe. Brand names, still numerous, 
vary from country to country. However, 
Nokia expects to capitalize on the opportu¬ 
nities created when new technologies leave 
the laboratory. One, HDTV, may hit Europe 
ahead of Japan and the United States. When 
that happens, Nokia executives said, Nokia 
may just have the chance to give Europe’s 
top two TV producers—Thomson Consumer 
Electronics SA of France and Philips NV of 
the Netherlands—a run for their money. 

Aside from research into flat-panel dis¬ 
plays and high-contrast tubes, the bulk of 
Nokia’s research effort in television goes into 
HDTV. Nokia is participating with other 
manufacturers in the Eureka 95 HDTV tech¬ 
nology project. So far the group has agreed 


1991 sales by geographic area 



with the European Commission to use high- 
definition multiplex analog components 
(HDMAC) as a standard for HDTV. HDMAC 
uses a format of 1250 lines, a 50-Hz field rate 
and interlaced scanning, and a 16:9 aspect 
ratio. The interim standard agreed upon was 
D2MAC, a narrowband version suitable for 
cable television transmission. Nokia, in ad¬ 
dition, has been producing HDTV programs 
with a Finnish television broadcaster. 

Its engineers are also working to exploit 
Nokia’s expertise in multimedia technology, 
which Nolda executives envision as a mar¬ 
riage of computers and the kind of high- 
quality, low-cost graphics found in TV sets. 
INTERNAL EXPANSION. In telecommunica¬ 
tions, Nokia has tended to grow its business¬ 
es by internal expansion rather than by ac¬ 
quisition. Nokia Telecommunications, which 
constitutes 12 percent of Nokia’s total 
revenues, supplies telecommunications 
equipment for public telecom networks (48 
percent of its revenues), mobile and cellu¬ 
lar telephones (34 percent), and dedicated 
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private networks (18 percent). 

The market for switching systems that 
form the infrastructure for mobile and ordi¬ 
nary telephone networks, together with 
sales of mobile telephones, had been grow¬ 
ing for the past three years at more than 15 
percent a year. However, last year sales of 
telecommunications switches and central of¬ 
fice equipment (excluding mobile radio and 
telephone handsets) declined 26 percent to 
1.8 billion FIM. 

The backbone of Nokia’s telecommunica¬ 
tions business is its DX-20G line of telephone 
switches. An analog version was introduced 
in 1979 and a digital switch in 1982. The line 
is characterized by a hierarchical structure 
and modular subsystems, which ensure a 
smooth upgrade path. The latest version, an 
all-digital DX-200, introduced in 1990, is 
based on Santa Clara, Calif.-based Intel 
Corp. ’s 80486 microprocessor and handles 
100 000 subscriber lines. It is designed to 
operate at the equivalent of a Class Five pub¬ 
lic switching station as a parent switch to 
smaller, 5000-subscriber units. 

Executives point to the company’s use of 
standard parts as a cornerstone of its suc¬ 
cess in telecommunications. From the very 
start, Nokia engineers based the switch’s de¬ 
sign on Intel’s 88X86 chips and boards. 

While many of its competitors must rede¬ 
sign their own proprietary processors that 
form the heart of their switches every few 
years, Nokia need only wait for Intel to pro¬ 
duce its next-generation chip along with its 
software and development support. This 
strategy has allowed Nokia engineers to con¬ 
centrate on adapting their switch for vary¬ 
ing protocols and for different applications 
as well as for new technologies. 

MANY ALLIANCES. In a field crowded with al¬ 
liances, Nokia has formed its share. Current¬ 
ly it is cooperating with Tandem Computer 
hic., Cupertino, Calif., a U.S. maker of fault- 
tolerant computers, on such applications as 
intelligent network nodes. It also has agree¬ 
ments with Logica PLC, London, to col¬ 
laborate on software for similar applications. 
And it’s involved in a consortium with Al¬ 
catel NV, Amsterdam, the Netherlands, and 
AEG Aktiengesellschaft, Frankfurt, Germa¬ 
ny, to develop products for the GSM Euro¬ 
pean digital cellular telephony standard. 

In addition, Nokia is working with AT&T 
Co. on GSM chips. Nokia came out with its 
first GSM components and subsystems last 
summer and claims a nine-month lead over 
competitors in developing products for the 
standard. 

The company is also developing features 
in its switches to make them suitable for so- 
called personal communications networks, 
which are currently being marketed in the 
UK as private telephone networks. Nokia 
entered this business last summer with an 
agreement to supply switches and handsets 
for a new 1800-MHz network being 
launched this year by the UK’s Microtel 
Communications Ltd. 

Mobile telephones, which include cellu¬ 


lar phone handsets and pagers as well as mo¬ 
bile radio, contribute about 16 percent to 
total sales. Climbing about 30 percent a year 
since 1987 to 2.5 billion FIM in 1991, it has 
been Nokia’s fastest-growirig business. Last 
year it was the only one not to shrink; sales 
grew 8 percent to 2515 million FIM. Nokia 
predicts that the 5.5 million mobile telephone 
handsets sold worldwide in 1991 will balloon 
to 17 million by 1995. 

Nokia’s latest cellular portable telephone, 
the Nokia 101, was launched in January. 
Weighing only 275 grams, the product is 
being manufactured to all major analog cel¬ 
lular telephone standards. Its predecessor, 
the Cityman 100, which sold briskly in Eu¬ 
rope, was introduced in the United States 
in 1990. Its success was attributed to a low 
price and the larger number of functions it 
performed over its competitors. With such 
products, Nokia has established itself as Eu¬ 
rope’s preeminent cellular telephone suppli¬ 
er. Worldwide it is second only to Motorola 
Inc., Schaumburg, Ill., with Tokyo’s NEC 
Corp. third. 

Nokia consolidated this position early last 
year when it bought the British mobile 
phone maker Technophone Ltd., which mar¬ 
kets both in Europe and the United States. 
With the acquisition, Nokia increased its 
U.S. market share to 15 percent from 10 per¬ 
cent (including 5 percent sold under the label 
of Tandy Corp., Fort Worth, Texas). 

But the main reason for acquiring Tech¬ 
nophone, Nokia executives said, was to gain 
research staff. The acquisition adds 100 en¬ 
gineers in south England to the 300 or so in 
the mobile phone division in Helsinki. ‘ ‘We 
carmot grow [our research staff] in Finland 
any more, ’ ’ said Ollila. ‘ ‘We will have to go 
to the United States and England to do 
that.” 

Executives have made it a priority to 
spread R&D activities elsewhere in Europe. 
In the last few years Nokia has opened a 50- 
person laboratory in Cambridge, England, 
to do research on transmission and switch¬ 
ing. And it is looking for a site in Germany 


Finland’s position on Russia’s northwestern border 
and its longstanding trade links with Russia are 
potentially one of Nokia Corp.’s biggest strengths. 
Since 1948 Nokia had benefited from a special trade 
relationship between Finland and the former Soviet 
Union whereby most trading was done through bar¬ 
ter, with the books balanced every five years or so. 

Nokia’s sales in 1990 to the Soviet Union amount¬ 
ed to 13 billion Rnnish markkas (RM). Most involved 
low-tech wares. One joint venture, for example, 
manufactured 8-mm copper wire, some of which 
Nokia shipped to Finland and elsewhere in Europe. 

But all barter was discontinued at the end of 19^, 
when the Soviet Union allowed only hard currency 
trade. As a result, Soviet-Finnish trade in 1991 was 
cut drastically. Nokia’s sales almost vanished, fall¬ 
ing 1.2 billion FIM from the year before. Though less 
than 7 percent of Nokia’s total revenues in 1990, So- 


for a broadband communications laboratory. 

Currently, Nokia’s key research projects 
cover several areas and include many 
cooperative efforts. In mobile telephones, 
R&D is concentrated on digital technology, 
particularly for Europe’s GSM system. 
Nokia participates in the development of 
standards and protocols for this technology 
in the European Telecommunications Stan¬ 
dards Institute, near Nice, and the telecom 
industry association (Ectel) in London. It 
also has an agreement with Qualcomm Inc., 
San Diego, Calif., to develop digital tele¬ 
phone technology for the U.S. market. 

Nokia has leveraged its R&D investment 
by participating in joint ventures and in Eu¬ 
ropean Community consortia such as Eureka 
(European Research Cooperation Agency), 
Esprit (European Strategic Program for Re¬ 
search and Development in Information 
Technologies), and RACE (Research and 
Development in Advanced Communications 
Technologies for Europe). Nonetheless, al¬ 
most 90 percent of the 3400 research scien¬ 
tists and engineers work out of the compa¬ 
ny’s laboratories in Finland. 

WEAKEST LINK. In all its businesses, Nokia 
executives admitted that Nokia is weakest 
in marketing and distribution. For its high- 
volume mobile phones, it is trying to over¬ 
come this by forming marketing alliances, 
such as the one with Tandy Corp. Another 
is with Nippon Idou Tsushin Corp., a Japa¬ 
nese cellular telephone system operator, 
whereby the two will develop and market a 
digital cellular phone when Nippon begins 
operating its digital network in Japan in 1993. 

The need for marketing expertise is grow¬ 
ing even in such staid businesses as tele¬ 
communications switches. If the trend to¬ 
ward liberalization in European telecommu¬ 
nications continues, Nokia sales people will 
be chasing more and more private firms in 
addition to the big domestic carriers. But, 
Nokia executives said they preferred to have 
their R&D firmly in place, which it is, and 
need to work on their marketing, rather than 
the other way around. ♦ 


Viet trade had been shifting to the more profitable 
switches for mobile and ordinary telephone networks. 

Great potential also exists for selling sophisticat¬ 
ed cable-making machinery of which Nokia is the 
world’s No. 1 manufacturer. A huge need now ex¬ 
ists, too, for cable itself in the republics of the form¬ 
er Soviet Union. The problem, of course, is the 
republics’ low hard currency reserves. 

Stefan S. Widomski, Nokia’s senior vice president 
for international trade affairs, worries that Nokia’s 
advantage in Russia and the republics may slip in 
the years to come. For one thing, the Finnish govern¬ 
ment cannot compete with richer western nations 
that can afford to grant large credits. Nevertheless, 
when the econorry on Finland’s eastern border im¬ 
proves, Nokia’s biggest asset may very well be the 
personal relationships it has cultivated through more 
than four decades. -EG. 


Nokia In Russia and the new republics 
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Faults & failures 


Threelittlebitsbreeil 
a big, bad bug 

Between June 10 and July 2 last summer, 
some 20 million telephone customers lost 
service for several hours in eight mysteri¬ 
ous incidents of signaling equipment failure. 
In a few incidents, fast-acting telephone 
company employees contained the outages; 
in most, however, a domino effect spread 
outages over populous areas in northern 
California, southern California, the 
Washington-Baltimore region, and western 
Pennsylvania. 

Now, after a six-month investigation, the 
cause and contributing circumstances of the 
outages are dear. Common to all of them 
a software failure: one line of code 
among thousands in signal transfer point 
(STP) software contained a 
flaw involving only 3 bits. 

‘ ‘What should have been a 
binary D (UQl) was instead 
a binary 6 (0110); in 3 bits of 
the character. Is and Os had 
been transposed,” IEEE 
Spectrum was told by Harold 
Daugherty, manager of tech¬ 
nology planning at Bell Atlan¬ 
tic in Arlington, Va. Bell At¬ 
lantic was one of the com¬ 
panies participating in the in¬ 
vestigation, which was led by 


needed to set up calls and terminate them. 
When that happened, customers could not 
call within their region, except to phones 
that happened to be connected to the same 
central office. 

The outages occurred only in STPs to 
which a software patch had been added dur¬ 
ing May and early June—all of Bell Atlantic’s 
STPs and half of Pacific Bell’s. Intended to 
solve a problem that sometimes prevented 
STPs from acknowledging test messages 
sent to them, the patch, unfortunately, with 
its hidden 3-bit bug, introduced a far more 
serious problem. 

Although the STPs’ manufacturer, DSC 
Communications Corp., Dallas, had tested 
the new code, it had not done so exhaustively. 
The error became apparent only in service, 
under certain conditions: when heavy (but 
not excessive) voice traffic generated a high 



STP = Signal transfer point 


continued to dog STP buffers. To lessen the 
congestion, the telephone companies had to 
cut off all traffic to the affected STPs. Thus 
isolated, those STPs could be brought back 
into the network one at a time. As long ai 
a congested STP’s mate was not subjected 
to another trigger and was not congested, 
it could assume the full load temporarily. 

At first, the cause was not apparent. In 
fact, no one knew whether the outages had 
a common source. Some even suggested 
that a computer hacker might have infiltrat¬ 
ed the signaling network. A common con¬ 
cern was that malfunctions in one company 
might infect other companies and perhaps 
spread nationwide. The-liS. House of Repre¬ 
sentatives’ subcommittee on telecommuni¬ 
cations demanded testimony by industry ex¬ 
perts, and the Federal Communications 
Commission called for a full investigation. 

By early July, Pacific Bell 
engineers had zeroed in on 
the 3-bit bug in DSC Com¬ 
munications’ software. DSC’s 
fix was to add a patch to the 
STP software that eliminat¬ 
ed a 150-ms mandatory wait 
before buffered signaling 
messages were discarded; 
now STPs can discard mes¬ 
sages immediately if they are 
getting into trouble. 

The efficacy of the fix be¬ 
came evident on July 5, when 


Bellcore, Livingston, N.J. Bell Atlantic’s Baltimore STP shut itself down and transferred its load to its several links failed simul- 
Others that were also in- mate at Pikesville, which followed suit, as did the Washington STP and its mate taneously in Bell Atlantic ter- 


signaling load for STPs and a 


volved in the inquiry were at Hyattsville. All contained the 
Pacific Bell, DSC Communi¬ 
cations, AT&T, and Northern Telecom. 

The STPs that were investigated are pack¬ 
et switches that route network control in¬ 
formation. They are a key element in Sig¬ 
naling System 7, the internationally accepted 
protocol that searches for the best route 
under current traffic conditions. The pro¬ 
tocol handles dial-800 toll-free calls, credit- 
card calls, and caller identification, as well 
as a host of other new services. 

Though the software error was small, it 
was enough to disable the STPs’ overload 
protection. Instead of discarding accumulat¬ 
ed signaling messages when its storage 
buffers became full, an STP simply shut it¬ 
self down. Signaling messages meant for it, 
then, were routed to its “mate,” an alter¬ 
native STP, which itself became overload¬ 
ed. That alternative unit, because of the 3- 
bit bug, shut itself down as well. In turn, the 
second alternative STP became overload¬ 
ed and shut down. 

Gradually, voice connections became 
deprived of the signaling connections they 


In one outage, for example, the trigger 
was a hardAvare fault in a circuit board in Bell 
Atlantic’s Baltimore STP [see figure]. The 
STP automatically took some other compo¬ 
nents out of service to isolate the fault, and 
congestion and shutdown ensued. That in¬ 
cident, on June 26, disrupted telephone ser¬ 
vice for 5 million to 6 million customers for 
6 hours in the nation’s capital, Maryland, 
Virginia, and parts of West Virginia. 

In another outage 2 hours later on the other 
side of the continent, an error in routing data 
in Pacific Bell’s Los Angeles STP was the 
trigger. While the corrected data was being 
loaded, signaling messages accumulated and 
the 3-bit bug went to work, causing 3 mil¬ 
lion customers in Los Angeles and parts of 
Orange, Ventura, and San Diego counties to 
lose their service for several hours. 

The outages lasted so long because efforts 
to restore service were hampered by con¬ 
tinued congestion as backlogs of messages 


ritory. The event would al¬ 
most certainly have triggered 
widespread STP shutdowns, but the newly 
patched software prevented them. 

The 150-ms holding time was set to 
achieve Signaling System 7’s goal of losing 
no more than 1 in 10 million messages. DSC 
engineers later added another patch aimed 
at minimizing the effects of discarding 
messages—which contain information on call 
billing as well as call setup, routing, and tear- 
down; the STPs now discard according to 
strict priority and only in times of imminent 
congestion. 

Continuing its investigation, Bellcore un¬ 
covered aspects of the Signahng System 7 
protocol that may actually set the stage for 
congestion and make recovery more difficult 
than necessary. Protocol changes are there¬ 
fore likely. For its part, DSC Communica¬ 
tions has tightened quality assurance on new 
software issues. 


COORDINATOR: George F. Watson 
CONSULTANTS: John Devan^, High-Re! Laboratories 
Inc.; Robert Thomas, Rome Laboratory 
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PRODUCT PROFILES 


The PRODUCT PROFILES 
advenising section provides a 
distinctive locus on both new 
and commercially established 
products and services that otter 
practical solutions lor 
engineering and scientitic 
protes^enals In today’s 
last-paced, rapidly changing 
high-tech envimnment. 




MagNet 5.0 electromagnetics 

New MagNet vS.O software features 2D/3D 
magnetostatic, electrostatic, and eddy current 
analysis on DOS, UNIX, VMS. Intuitive 
laboratory-like modelling is combined with 
accurate solution engines. Since 1976, MagNet 
has been used worldwide to improve designs 
and reduce prototyping. New booklet and demo. 

Infolytica: the E-M specialists 

USA: (514) 849-8752 FAX 849-4239 
Europe: (44) 793-785-722 FAX 793-782-146 
Japan ADTECH (03)5276-5291 FAX 5276-5293 
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VisS/m 1.1 

The friendliest math modeling and real-time 
control software just got friendlier! With fonts, 
colors and new presentation mode, VisSim 1.1 
combines a leading edge math engine with a 
modern visual programming interface for Win¬ 
dows and UNIX/X starting at $395. Working 
demos $10. 

Visual Solutions 

487 Groton Road *508-392-0100 

Westford, MA 01888 Fax 508-692-3102 


SPACE RADIATION 

Radiation effects modeling is now quick, 
easy and accurate. Compute total dose and 
single-event upsets for any orbit on your 
IBM-PC. Industry-standard NASA/DOD 
models are integrated into a powerful, state- 
of-the-art system. Includes modern user in¬ 
terface, on-line help, database, reports and 
comprehensive documentation. 



DSP Software 

Demo Disk Available 

The Athena Group, Inc. 

3424 N.W. 31st Street, Gainesville, FL 32605 USA 
Tel: (904) 371-2567 FAX: (904) 373-5182 
_ (800) 741-7440 _ ^ 
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HERMETICALLY 

SEALED 

Mini Connectors, Headers 
and Terminais 
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Circuit Design & Simulation 

for the Macintosh & PC with Windows 
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MICROCONTROLLERS 

• C Programmable 

• Data Acquisition 

• Control/Test 

• Excellent Support 

• From $159 Qty 1 

• /Vew Keyboard 
Display Modules 

Use our Little Giant™ and Tiny Giant™ miniature control¬ 
lers to computerize your product, plant or test department. 
Features built-in power supply, digital I/O to 48+ lines, 
serial 1/0 (RS232 / RS485), A/D converters to 20 bits, 
solenoid drivers, time of day clock, battery backed 
memory, watchdog, field wiring connectors, up to 8 X 40 
LCD with graphics, and more! Our $195 interactive Dy¬ 
namic C™ makes serious software development easy. 
You're only one phone call away from a total solution. 

Z-World Engineering 

1724 Picasso Ave., Davis, CA 95616 
(916) 757-3737 Fax: (916) 753-5141 
Automatic Fax: (916)753-0618 
(Call from your fax, request catalog #18) 
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Emplo yment o p portunities 


Organizations seeking engineers and 
scientists describe their various open¬ 
ings in the foiiowing advertising 
section 

In order to conform to the Age Discrimination in Empioy- 
ment Act and to discourage age discrimination, IEEE may 
reject any advertisement containing any of these phrases 
or simiiar ones, “recent coiiege grads," “1-4 years maxi¬ 
mum experience," “up to 5 years experience,” or "10 years 
maximum experience" iEEE reserves the right to append 
to any advertisement, without specific notice to the adver- 


ments, not maximums” IEEE assumes that, since adver¬ 
tisers have been notified of this policy in advance, they agree 
that any experience requirements, whether stated as ranges 
or otherwise, will be construed by the reader as minimum 
requirements oniy. Whiie IEEE does not ban the use of the 
term “entry level,” its use is discouraged since, to some, 
it connotes an age rather than an experience designation. 
IEEE accepts employment advertising to apprise its mem- 


the political and humanistic values of certain advertisers may 
differ from their own. IEEE encourages employers to offer 
salaries that are competitive, but occasionally a salary may 
be offered that is significantly below currently acceptable 
levels In such cases the reader may wish to inquire of the 
employer whether extenuating circumstances apply. 


ADVERTISING RATES 

DISPLAY ADVERTISING RATES-call Theresa 
Fitzpatrick at 212TD57579 


Positions open— $36.00 per line, not agency- 


Positions wanted— $3600 per line, a 50% discount 
for IEEE members who supply their membership num¬ 
bers with advertising copy 

All classified advertising copy must be received ty the 
25th of month, two months preceding date of issue 
No telephone orders accepted. For further information 
contact Francesca Silvestri, 2127057576 
The following listings of interest to IEEE members have 
been placed by educational, government, and industri¬ 
al organizations as weil as by individuals seeking posi¬ 
tions. To respond, apply in writing to the address given 
or to the box number listed in care of SpeOvm Maga¬ 
zine, Classified Empioyment Opportunities Department, 
345 E. 47th St., New M, NY 10017 


Academic Positions Open 


Princeton University: the department of Electri¬ 
cal Engineering Invites applications for full 
time, tenure-track faculty position. The dis¬ 
ciplines of particular Interest are complex sys¬ 
tems, specializing in areas such as robotics, 
manufacturing systems, networks, and 
stochastic or nonlinear systems; and signal 


processing, specializing in 
and image processing. Plej 
resume, a description of res 


_„ Tlease send a complete 

resume, a description of research and teaching 
interests, and names of three references to 
Professor Stuart Schwartz, Chair, Dept, of EE, 
Princeton University, Princeton, NJ 08544-5263. 
Princeton University is an equal opportunity/af¬ 
firmative action employer. 


Research Position—University of Southern 
California. Interested candidates are en¬ 
couraged to apply for a post-doctoral research 
position. Research activities are in gas-phase 
pulsed power switches, electron beam sources, 
and solid state devices for pulsed power. Please 
send a resume and the names of 3 references 
to Dr. Martin Gundersen, SSC-420, University of 
Southern California, Los Angeles, CA 
90089-0484. 

Research Assistant Professor The University of 
Pittsburgh, a major heart transplantation cen¬ 
ter, is committed to develop non-invasive tech¬ 
niques for early detection of rejection and coro¬ 
nary occlusive disease. The position requires 
experience in intracardiac, surface electrocar¬ 
diogram, and ultrasound characterization of tis¬ 
sues. A Ph.D. in electrical engineering or a relat¬ 
ed field is required. Understanding of the rejec¬ 
tion process, development of coronary occlu¬ 
sive disease in transplant patient, and the 
capability to contribute innovative ideas and so¬ 
lutions is a plus, it is required that the candidate 
has knowledge of system identification, signal 
processing techniques, UNIX, and data acqui¬ 
sition techniques. Capability to make specific 
instruments like 15-lead and high frequency dig¬ 
ital EGG is a must. Experience with SUN and 
NeXT workstations is desirable. Major compo¬ 
nent of work involves data acquisition and anal¬ 
ysis. Salary ranges from $36,000 to $42,000 com¬ 
mensurate with qualifications. Applicants 
should have experience working and interact¬ 
ing in an environment with large number of 
transplant patients. Send resume to Dr. P.S. 
Reddy, 3492 Presbyterian University Hospital, 
De Soto & O'Hara Streets, Pittsburgh, PA 15213. 
An Equal Opportunity Employer. 

Stanford University—Department of Electrical 
Engineering. Tenured or Tenure-Track Appoint¬ 
ment in Telecommunications. Stanford Univer¬ 
sity seeks applicants for a tenured or tenure- 
track appointment in Electrical Engineering in 
the field of telecommunications. A Ph.D., a 
demonstrated ability for independent research 
and a strong interest in graduate and under¬ 
graduate teaching are required. Candidates 
should have a record of innovative publications, 
and industrial experience will be regarded 
favorably. The appointee will be a member of 
the Center for Telecommunications at Stanford. 
This Center involves about 15 faculty members 
from the Departments 1 " ^ 

Computer Science and _ _ 

Systems and approximately- 

from around the world. A central theme of the 
Center is personal communications, interpret¬ 
ed in a broad sense. Some areas of particular 
interest include wireless access to networks, 
RF technology for portable communications, 
and protocols for personal communication net¬ 
works. However, other areas in tele¬ 
communications are also of interest. Stanford 
University is an Equal Opportunity Employer 
and encourages applications from women and 
minority candidates. The deadline for receipt of 
applications is July 31, 1992. Please submit a 
detailed resume, a publication list and the 
names of five references to Prof. Joseph W. 
Goodman, Chairman, Department of Electrical 
Engineering, McCullough 152, Stanford Univer¬ 
sity, Stanford, CA 94305-4055. 

University of Caiifornia, San Francisco— 
Director, Radiological Informatics. The Depart¬ 
ment of Radiology at the University of Califor¬ 
nia, San Francisco, is searching for a Director 
for the newly created Section of Radiological 
Informatics. The Director of Radiological Infor¬ 
matics will lead a group of computer scientists 
and other professionals to provide both re¬ 
search and clinical service in Picture Archiving 
and Communication Systems (PACS), Radiolo¬ 
gy Information Systems (RIS), Office Automa¬ 
tion, Computer-Assisted Instruction (CAI) with 
digital imaging, expert system applications, 
image processing, and speech-recognition ap¬ 


plications. These activities will focus on soft¬ 
ware design and implementation, but some 
hardware fabrication on the board level will also 
be anticipated. A new Imaging Laboratory, 
which will be the primary site for this team, will 
begin construction shortly. The Director will be 
appointed at the level of Associate Professor or 
Professor of Radiology in Residence (depend¬ 
ing on qualifications) and will also serve as 
Vice-Chairman and a member of the Executive 
Committee of the Department of Radiology at 
UCSF. The Director should have a Ph.D. degree 
in a related field, several years of experience in 
a related position, an established track record 
in terms of publications and peer reviewed fund¬ 
ing, experience in teaching postdoctoral stu¬ 
dents, and demonstrated leadership of a re¬ 
search group in Radiological Informatics. The 
University of California, San Francisco is an 
Equal Opportunity/Affirmative Action Employ¬ 
er. Minority groups, women and handicapped 
individuals are encouraged to apply. Send CV 
to: Charles A. Gooding, M.D., Chair, Search 
Committee, UCSF, Department of Radiology, 
San Francisco, CA 94143-0628. 

Assistant Professor, Electrical Engineering. Ap¬ 
plications are invited for a tenure-track position 
at the Assistant Professor level in Electrical En¬ 
gineering. The successful candidate must be 
dedicated to teaching at the undergraduate and 
graduate levels and have demonstrated their 
ability to conduct high-quality research in their 
chosen field. Preference will be given to candi¬ 
dates with a background in one of the follow¬ 
ing areas: computer engineering, controls, VLSI 
or high-speed electronics. The successful can¬ 
didate must have completed the requirements 
for a Ph.D. in Electrical or Computer Engineer¬ 
ing prior to appointment. Review of applica¬ 
tions will begin immediately and continue until 
the position is filled. Send your application with 
the names of three references to: Dr. Gabriel 
Lengyel, Search Committee Chair, Position # 
081027, The University of Rhode Island, P.O. Box 
G, Kingston, Rl 02881. An Affirmative Ac¬ 
tion/Equal Opportunity Employer. 

The Department of Electrical Engineering at 
The University of Maryland Baltimore County 
(UMBC) has an opening for an experimentalist 
at the level of Research Associate to perform 
research’ " j 


fiber_, _ 

lasers, and Photonic Networks. Ph.D. in EE .. 
Physics and related experience required. Send 
a detailed resume along with the names of three 
references to: Gary M. Carter, Associate Profes¬ 
sor, Department of Electrical Engineering, 
UMBC, Baltimore, MD 21228. UMBC is an Af¬ 
firmative Action/Equal Opportunity Employer. 


currently emphasizing the 
search area of communications and signal pro¬ 
cessing, and the area of photonics. We antici¬ 
pate significant growth in the faculty over the 
next five years in support of our communica¬ 
tions and signal processing component. Our 
emphasis in the immediate future will be on ex¬ 
panding the research activities and increasing 
university/industry/government cooperation in 
this area. We are currently seeking candidates 
to fill a tenure-track position at the assistant 
professor level with a specialty and broad in¬ 
terest in signal processing as applied to: 
speech and image processing, controls, com¬ 
munications, sonar and radar, biomedical sys¬ 
tems, remote sensing, or to the implementation 
of signal processing algorithms. The person we 
are seeking is expected to: 1) initiate and de¬ 
velop an active, independent funded research 
program; 2) teach fundamental courses, and de¬ 
velop advanced courses in signal processing 
theory, algorithms, and/or their software and 
hardware implementation; 3) perform academ¬ 
ic duties, such as student advising and commit- 
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tee participation associated with our prograi 
and 4) assist In the enhancement of the Intt. 
actions between this department and Industri¬ 
al and governmental concerns. Applicants 
should have an earned Ph.D. In electrical en¬ 
gineering, have a strong theoretical back¬ 
ground with (preferably) algorithm or hardware 
design and real-time implementation ex¬ 
perience, a demonstrated potential for excel¬ 
lence in research and the ability to teach effec¬ 
tively at both the undergraduate and graduate 
level. UMBC Is located just south of Baltimore 
City In Maryland and Is approximately 40 miles 
northeast of Washington, D.C. Both the campus 
and the greater Baltimore region are experienc¬ 
ing substantial growth with exciting and unique 
opportunities for collaborative research, includ¬ 
ing strong Interactions with the University of 
Maryland medical and dental schools, and with 
numerous research and technology organiza¬ 
tions in the greater Baltimore and Washinr’*^ 
region. The Department of Electrical Engin 
ing at UMBC cuqently enjoys excellent relation¬ 
ships with local industry and state and federal 
agencies. The Department of Electrical En¬ 
gineering was initiated in 1986 and has grown 
to a full-time faculty of 8 and part-time faculty 
of 4 with a student body composed of 44 MS 
students (26 full-time and 18 part-time) and 29 
Ph.D. students (23 full-time and 6 part-time), and 
annual research expenditures of approximate¬ 
ly $800K. The new Engineering and Computer 
Science Department which will open forthe Fall 
Semester of 1992 will supplement our current 
office and research space in theTRC building. 
The Department has access to considerable 
computing resources. The University’s primary 
computing system for research use consists of 
two clustered VAX 8600 computers running 
VMS and a VAX 785 running ULTRIX (UNIX). In 
addition, UMBC is a component of the larger 
University of Maryland Instructional and Re¬ 
search Computer Network, which provides ac¬ 
cess to computers at other University of Mary¬ 
land campuses. From UMBC, users may also 
communicate with other researchers on a na¬ 
tional and international basis via BITNET and 
ARPANET. The department also has on-line ac¬ 
cess to the CRAY computers at San Diego and 
at Livermore. The department and the faculty 
maintain a number of 386/486 PCs, MACs, and 
a HP9000 workstation LAN. The applicant 
should send a curriculum vita and resume, with 
the names and addresses of at least four refer¬ 
ences (3 academic and 1 professional) to: SP 
Search Committee, Electrical Engineering 
Department, UMBC, 5401 Wilkens Ave., Balti¬ 
more, MD 21228-5398. UMBC Is an Affirmative 
Action/Equal Opportunity Employer. 


BellSouth Eminent Scholar’s Chair In Electrical 
Engineering. The Department of Electrical En¬ 
gineering at the University of Florida Invites 
nominations and applications for an endowed, 
chaired professorship in the general field of 
telecommunications. The Department of Elec¬ 
trical Engineering Is the largest department in 
the University of Florida with 518 undergradu¬ 
ates and 375 graduate students. The depart¬ 
ment Is ranked 21st of more than 250 Electrical 
Engineering undergraduate programs. The 
Electrical Engineering faculty is comprised of 
fourteen IEEE Fellows, two members of the Na¬ 
tional Academy of Engineering, one of whom 
holds an endowed chair in Microelectronics. 
The College of Engineering Is ranked 17th na¬ 
tionally based on its funded research programs. 
For the BellSouth Chair, we seek a researcher 
and teacher of great distinction, whose work 
has been internationally acclaimed. Proceeds 
from an endowment and additional resources 
will provide an environment commensurate 
with the excellence of the person sought. Nomi¬ 
nations and applications should be sent to 
Professor Donald G. Childers, Chairman, Bell¬ 
South Chair Search Committee, Department of 
Electrical Engineering, 405 CSE, University of 
Florida, Gainesville, FL 32611-2024; telephone 
(940) 392-2633. The application deadline Is Au¬ 
gust 1,1992. The University of Florida Is an Af¬ 
firmative Action Employer and women and 
minorities are encouraged to apply. According 
to Florida law, applications and meetings 
regarding applications are open to the public 
upon request. 

Senior/Research Associate-University of Chica¬ 
go. A position Is available for an experienced 
scientist with a Ph.D. (or equivalent) degree with 


The position of PRESIDENT of the Canadian Microelectronics 
Corporation offers a unique career opportunity in the area of micro¬ 
electronics and associated university research. The Canadian 
Microelectronics Corporation is a non-profit organization holding a 
major Grant from the Natural Sciences and Engineering Research 
Council. It has a membership of 28 universities, as well as 17 related 
industries and individuals. It Is the centre of a National Design Net¬ 
work supporting world class research and development in micro¬ 
electronics in Canadian universities. Its challenge Is to support 
effectively its member universities in meeting the increasing demand 
for more capable graduates for the industries that develop and apply 
microelectronics technology. Through a competitive loan program, 
CMC provides Canadian universities with specialized equipment and 
state-of-the-art software for research purposes. It maintains 
sophisticated communication links with its research affiliates and pro¬ 
vides advanced support for fabricating integrated circuits. CMC has 
a staff of 21 permanent employees and an annual budget of approx¬ 
imately $5 million. It is located on the campus of Queen’s University 
in Kingston, Ontario with access to all university facilities. 

PRESIDENT 

The President is appointed by, and reports to, the Board of Directors 
and is responsible for directing the general and active management 
of the affairs of the Corporation. 

Specific responsibilities include representation and promotion of the 
CMC with Canadian universities and industries and liaison with 
counterparts in other countries at meetings, conferences and 
workshops. Further responsibilities include preparing business plans 
and reports, developing policy, planning for the future, and manag¬ 
ing the general administration of the CMC. CMC plans to develop 
broader industrial ties and the President will be responsible for 
establishing and maintaining a network of industrial contacts and for 
enhancing overall Industrial participation in the corporation. The in¬ 
cumbent will use input gained from the membership at large, from the 
Technical Advisory Committee and from the Executive Committee of 
the CMC, as well as from personal Interaction with university, industrial 
and government contacts in Canada and abroad, in making plans and 
decisions with regard to programs, expenditures and personnel. 

This is a very challenging position in a fast-paced, highly computer¬ 
ized environment. The successful candidate will have proven leader¬ 
ship and management skills as evidenced by ten or more years of 
experience at a senior management level, preferably with a number 
of those years in an industrial environment. A post-graduate educa¬ 
tion (preferably Ph.D.) in Electrical Engineering, Computer Science 
or other related applied science, with a solid understanding of issues 
related to microelectronics is required. Superior written, verbal and 
presentation skills are essential. The ability to communicate in both 
official languages is highly desirable. Preference will be given to a 
Canadian citizen or landed immigrant. 

The position offers a competitively scaled remuneration and benefits 
package based on qualifications and experience. Moving assistance 
will be provided. Applications will be treated in confidence. CMC is 
an equal opportunity employer. 

Please submit a resum6 to: 

Chairman, Search Committee 
CANADIAN MICROELECTRONICS CORPORATION 
21OA Carruthers Hall 
Queen’s University 
Kingston, Ontario K7L 3N6 Canada 
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Battelle: 

Powering the future. 



Energy Storage, Transmission 
and Production Group 

Battelle, Pacific Northwest Laboratories, is an 
international leader in the practical application 
of technology. The focus of our Energy Storage, 
Transmission and Production Group is analyz¬ 
ing, simulating and designing a wide variety of 
systems. 

We have led the Department of Energy’s efforts 
to develop thermal energy storage technology. 
We’re involved in systems analysis and integra¬ 
tion for space power. We’re also exploring: 

• Analysis and design of space power distri¬ 
bution systems. 

• Unique specialties for the analysis and 
simulation of terrestrial power distribution 
systems. 

• Analysis and design of mitigation technol¬ 
ogies for adverse health, environment or 
safety impacts associated with electric 
field effects. 

• Developing research facilities that can be 
used by industry, universities and 
governments. 

Bring your skills and knowledge to our Group’s 
high-profile projects by sending your resume to: 

Battelle, Pacific Northwest Laboratories, 
Staffing Center, P.O. Box 1406, Dept. #6024, 
Richland, WA 99352. FAX (509) 376-9099. We 

are an Equal Opportunity Employer. U.S. citizen¬ 
ship is required. 


Battelle 

...Putting Technology To Work 


THE POWER TO 
MAKE A DIFFERENCE! 


TELECOMMUNICATIONS 

ENGINEER 

At Wisconsin Electric there is an uncompromised commitment 
to quality. Our employees share our goal of providing safe, 
reliable and efficient service to our customers. We’ve earned the 
reputation of being one of the best run energy companies 
anywhere. If you’re seeking challenge, opportunity and “The 
Power To Make A Difference" in your career, join Wisconsin 
Electric Power Company. 

In this position you will oversee three separate mobile radio 
systems; a digital paging system in excess of 25 private branch 
exchanges, 40 digital microwave stations, 30multi-channel analog 
microwavefacilities, and a system-wide multiple address radb 
system withTOO remotes. Additionally, you will develop specifi¬ 
cations, procure equipment, and oversee installations. The de¬ 
velopment of a network management system and a disaster 
recovery system are involved as well. 

To qualify, you’ll need a BSEE or equivalent degree in Telecom¬ 
munications. Additional expertise is needed in digital and analog 
microwave mobile radio, fiber optics, paging and telephone 
system design and operation. Excellent communication and 
interpersonal skills and strong supervisory skills are needed as 
well. 


S: 


Wisconsin Electric offers very competitive compensation, ex¬ 
cellent benefits and “The Power To Make A Difference" in your 
career. Send resume with salary history in confidence to: 


Wisconsin 

Electric 

POWER COMPANY 


Ms. Joyce Davis 
333 W. Everett Street 
Room A125, P.O. Box 2046 
Milwaukee, Wl 53201 

Equal Opportunity Employer M/F/HA/ 


CAREER 

COMPETITIVE ADVANTAGE 

is YOURS via 

MBA/MS ENGINEERING MANAGEMENT PROGRAM 


New program in the Schools of Business and 
Engineering to earn MBA and MS in Engineering 
degrees concurrently in 24 months 

Q Develop graduates who effectively integrate engineering/ 
technical issues with business management concerns. 

G Student customers enter the program with engineering 
degrees (or equivalent) and diverse experiences. 

□ Program, via strong partnerships with industry, includes: 

• Business/Engineering Courses • Internships 

• Team Teaching • Team Projects 

• Industry/University Team • Seminars with Industry 

□ Fall Deadline: August 15, 1992 


More information: 

(805) 756-2637; FAX (805) 756-1473 or wrUe: 
Engineering Management Office, School of Business 
California Polytechnic State University 
San Luis Ohispo, CA 93407 

QiLPOLY 

San Lu is Obispo 
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a quantitative biology, biophysics, bioengineer¬ 
ing or related background. Four to five years of 
research experience Is required. Experience 
with industrial and pharmaceutical areas pre¬ 
ferred. Applicants should have a strong Interest 
in working with research and clinical faculty to 
develop and foster research programs. This Is 
a full-time position with excellent benefits. No 
telephone calls please. Send a cover letter with 
a resume, salary history and list of references 
to: Raphael C. Lee, M.D., Sc.D., The University of 
Chicago, Department of Surgery, 5841 S. Mary¬ 
land Ave., MC6035, Chicago, IL 60637. The 
University of Chicago is an Affirmative Ac¬ 
tion/Equal Opportunity Employer. 

University of Virginia: The Semiconductor De¬ 
vice Laboratory is seeking applicants for ex¬ 
pected openings in GaAs device processing 
and heterodyne receiver technology. Rank and 
salary will be commensurate with experience. 
However, it is expected that the GaAs pro¬ 
cessing position will be at the Research Scien¬ 
tist level, while the heterodyne receiver position 
may be at the senior scientist or Research 
Faculty (non-tenure track) level. Qualifications 
and duties are as follows: 1) GaAs processing: 
requires a BSEEor equivalent with substantial 
experience In process technology including 
sub-micron lithography, dry and wet etching, 
thin film deposition, mask layout, device evalu¬ 
ation and testing. Experience In process de¬ 
velopment is very desirable. 2) Heterodyne tech¬ 
nology: requires an MS or PhD in EE or a relat¬ 
ed field. Extensive experience in submillimeter 
technology, GaAs Schottky mixers and varac¬ 
tors, SIS junctions, local oscillator systems, 
waveguide and open-structure technology, and 
cryogenics are also required. Both positions re¬ 
quire applicants who are highly motivated and 
independent, yet able to work effectively in a 
group. Applicants must be able to make a sig¬ 
nificant contribution to our research while also 
being an effective role models for our students. 
Please send resumes to the following address 
by June 1st to ensure full consideration: Dr. T.W. 
Crowe, Dept, of Elec. Engr., Thornton Hall, Univ. 
of Virginia, Charlottesville, VA 22903. The 
University of Virginia is an Equal Opportuni¬ 
ty/Affirmative Action Employer. 

Columbia University—The Department of Elec¬ 
trical Engineering invites applicants for a 
tenure-track faculty position in signal, image 
and video processing. A successful candidate 
Is expected to establish a strong research pro¬ 
gram and have a desire to teach at both the un¬ 
dergraduate and graduate levels. Expertise is 
sought in theory, algorithms and realization of 
multimedia systems. Experience with 
image/video computing architectures would be 
helpful. The research will be conducted in con¬ 
junction with the Image and Advanced Televi¬ 
sion Laboratory, a state of the art research fa¬ 
cility In digital video and multimedia communi¬ 
cations. The laboratory Is a key component of 
the Center for Telecommunications Research, 
a large cross-disciplinary Engineering Re¬ 
search Center, sponsored by the National 
Science Foundation and Industrial participants. 
Please send your resume and the names of 
three references to: Professor T.E. Stern, Chair¬ 
man, Department of Electrical Engineering, 
Columbia University, 500 West 120th Street, 
Room 1312, New York, NY 10027. Columbia Is an 
equal opportunity/affirmative action employer. 

University of South Florida, Department of Elec¬ 
trical Engineering Is accepting applications for 
tenure track assistant or associate professor 
positions. Earned PhD required. Resumes will 
be considered in the following two areas: 1) 
Compound Semiconductor Materials and 
Devices. Background and experience In the de¬ 
velopment of cadmium telluride, copper Indium 
diselenide, etc. for solar cells Is desirable. 2) 
Electric Power Systems. Background In control 
and conversion of electric power, power deliv¬ 
ery and energy management Is desirable. Appli¬ 
cants should send resume and the names of 
three references to Dr. Ellas Stefanakos, Chair¬ 
man, Department of Electrical Engineering, 
University of South Florida, Tampa, Florida 
33620. The University of South Florida Is an 
Equal Opportunity/Affirmative Action Employer. 



Choirenge 


Are you ready for it? Career challenges that stimulate the mind and stretch your 
creativity. An exciting technology - ultrasound that produces products that can 
help save lives. A dynamic environment where innovation and responsibility are 
standards. Sound like the ultimate challenge? It is. It's Acuson. No exaggeration! 

IMAGE ANALYSIS MANAGER/ENGINEERS 

Working with a group of highly specialized professionals in ultrasound imaging, 
you will assess and optimize overall ultrasound imaging system performance in a 
variety of medical applications. A thorough theoretical and practical understanding 
of factors affecting ultrasound imaging systems is essential, as is the ability to 
work on all phases of a project from concept architecture to system verification. 
Manager will also have responsibility for technical project leadership, resource 
and career planning, training, tool and process development and new product 
definition. All positions require an MS or PhD in Physics, EE or Biomedical 
Engineering and solid experimental and analytical skills. In addition. Managers 
must have prior technical project leadership expertise coupled with 5 -h years of 
experience. Engineering openings require 2-5 -l years of experience. (Both senior 
and entry level opportunities are available.) Position Code: CC/1792 

ACOUSTICS ENGINEER 

Use your related background, and independent work style to excel as you design 
medical ultrasound transducers. Challenges will include developing experimental 
characterization methods for materials used in transducers, specifying acoustic 
parameters, and developing necessary analytical numerical/experimental tools to 
help model existing and future transducers. You'll also lead the acoustical aspect 
of transducer design projects. Leading candidate will have an MS plus 3 years of 
experience or a PhD. A thorough understanding of elastic/acoustic waves, wave 
propagation and piezoelectricity is required. An understanding of electrical cir¬ 
cuits, network theory and transmission lines is important, as are strong analytical 
skills and hands-on experience with basic acoustical/electricai measurement tech¬ 
niques. The ability to design experiments, study independently and interface with 
individuals from all disciplines are key. Position Code: CC/1892 

ELECTRICAL-MECHANICAL PACKAGING ENGINEER 

Apply your BSME and 6 -h years' experience to develop and analyze co-axial cable 
components and termination methods. You must have demonstrated experience 
with electrical testing and performance evaluation, mechanical reliability testing 
and evaluation, cable assembly design and manufacturing, RFI/EMI shielding, 
interconnection methods, and failure analysis. The ability to work with cross func¬ 
tional teams and vendors as well as on an Individual contributor basis is essen¬ 
tial. Position Code: CC/1992 

Experience the ultimate challenge. We offer an excellent compensation program, 
including stock options. Please send your resume, indicating position code on 
envelope, to Acuson, 1220 Charleston Road, P.O. Box 7393, Mountain View, CA 
94039-7393. EOE 
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Quality design 
and advanced tecnnology. 
Because lives depend 
on it. 


Siemens Pacesetter, It 
Tiny enough to fit in 
Innovative enough to 

patients are exercising 


your fist. Powerful enough to sustain life 
have made history. Incredible enough to 
;. Perceptive enough to know when 
[ and when they’re resting. 


But at Siemens Pacesetter, Inc., together with our multi¬ 
billion dollar parent company Siemens, we are looking toward 
the future. We are developing implantable devices that can 
start a stopped heart. Pacemakers tiny 
enough to be implanted in premature 
babies with heart defects. Implantable 
technology that mimic the human heai 
down to the subtlest nuances. 


;e therapy has 


The field of cardiac d 
come so far so fast, t 
where technology will take us in 
twenty years. If you need incredible 
challenges in a high-tech environment 
and the opportunity to do work that 
literally saves and changes lives, you’ll 
find your opportunity to make a 
difference at Siemens Pacesetter, Inc. 
Future opportunities include: 

AUTOMATIC TEST 
ENGINEER 

To perform analog and digital circuit 
design, SW development and test 
system integration. Requires BSEE 
and 3+ years ATE experience in the 
design/development of computer-based 


IC LAYOUT DESIGNER 

Utilizing Sun SPARC workstations, 
will layout CMOS analog/digital 
circuits with standard cell and fully 
customized methodologies. Requires 

2+ years layout experience and working knowledge of UNIX. 
Respond to Dept. lEEE/ICDE. 

PROCESS ENGINEER 

Will handle machine design projects utilizing electro¬ 
pneumatic mechanisms/processes involving YAG laser 
welding. Requires BSME/EE with 5 years experience in CNC 
machine control, diagnostics, mechanical fixture design ai 
repair of digital/analog circuits. Respond to “ ' ' 


SR. PROCESS ENGINEER 

Will develop/implement new processes, equipment, 
components and manufacturing methods to support hybrid 
test and manufacturing. Emphasis will be on improving 
manufacturing yields, designing SPC systems and conducting 
hybrid material R&D. Requires BSEE/ME; 5 years hybrid 
experience preferred. Respond to Dept. lEEE/SPE. 


Siemens Pacesetter" 



SOFTWARE QUALITY ENGINEER 

Will develop/implement software test designs for validation/ 
verification of product and manufacturing. Requires experience 
in software development for microprocessor-based products 
and software test design procedures. A BSCS or equivalent is 
desirable. Respond to Dept. lEEE/SQE. 

SR. COMPONENT RELIABILITY 
ENGINEER 

Requires BSEE with 5 years experience 
in reliability engineering, failure 
analysis techniques and rate 
predictions. Knowledge of IC and 
hybrid design/evaluation/quaiification 
techniques and CMOS is essential. 
Respond to Dept. lEEE/CRE. 

SR. ANALOG ELECTRONICS 
DESIGN ENGINEER 

Duties include designing low power 
CMOS op amps and switched 
capacitor circuits and overseeing 
layout. Will also perform some system 
design, integration and scheduling. 
Requires BS/MS in Electronics, 10-f 
years analog design experience and 
5-f years IC design experience. 
Thorough knowledge of SPICE and 
FET models a must. Respond to 
Dept. lEEE/AEDE. 

SR. ELECTRONIC 
PRODUCT ENGINEER 

BSEE and 3-5 years experience in 
analog/digital design, CMOS/TTL 
devices and microprocessor-based 
systems essential. Ideal candidate will 
have knowledge of hybrid micro¬ 
electronics involved in the manufacture 
of high-reliability electronic devices. 
Respond to Dept. lEEE/EPE. 

SOFTWARE ENGINEER 

Utilizing Assembly and C languages, will design/develop 
system and application SW for real-time embedded 
microprocessor-based device support products. Requires 
BSEE/CE or equivalent and 3-b years experience in 
embedded microprocessor and system-level SW 
design/development. Respond to Dept. lEEE/SE. 

In addition to our desirable Southern California location, 
we offer competitive compensation, paid relocation and an 
excellent benefits package, including employer-contributed 
pension plan, 401(k), tuition reimbursement, vision care 
and a choice of dental/health plans. Send resume (NO 
PHONE CALLS, PLEASE!) to the appropriate department: 
Greer A. Brooks, Emi 
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Quantum Semiconductor Structures. Weisbuch, 
Claude, and Vtrder, Borge, Academic Press, 
San Diego, Calif., 1991, 252 pp., $34.95. 

Upgrade Your IBM Compatible and Save a Bun¬ 
dle. Pilgrim, Aubrey, Windciest/McGraw- 
Hill, Blue Ridge Summit, Pa., 1991,245 pp., 
$19.95. 

Computerization and Controversy. Dunlop, 
Charles, and Kling, Rob, Academic Press, 
San Diego, Calif., 1991, 755 pp., $39.95. 

The Philosophy of the Grammarians. Couiard, 


Harold G., and Raja, K. Kungunni, Prince¬ 
ton University Press, Lawrenceville, N.J., 
1991, 609 pp., $65. 

Lotus 1-2-3: The Master Reforonce. Stark, 
Robin, Windcrest/McGiaw-Hill, Blue Ridge 
Summit, Pa., 1991, 582 pp., $24.95. 

Practical Reliability Engineering, 3rd edition. 

0 ’Connor, Patrick D.T., John Mey & Sons, 
Somerset, N.J., 1991, 409 pp., $64.95. 

Microsoft Excol. Microsoft, Microsoft Press, 
La Vergne, Tenn., 1991, 271 pp., $34.95. 



The Open Software Foundation is known throughout the industry for break- 
througn technologies. These include OSF/1™, OSF/Motif™, the Architecture- 
Neutral Distribution Format (ANDF), the Distributed Computing Environment 
(DCE), and the Distributed Management Environment (DM0. The diverse 
talents of our software engineering team are focused on fulfilling the promise of 
open systems. Bring your talents to OSF™, where the importance of each project 
is exceeded only by its excitement. 


Recent books 


(Continued from p. 12F-E) 

land, Joseph F, and McPartland, Brian, 

McGraw-HiU, New York, 1991, 168 pp., 

$14.95. 

Robot Motion Planning. Latombe, Jean- 
Claude, Kluwer Academic Publishers, 
Dordrecht, the Netherlands, 1990,651 pp., 
$95. 

Running Microsoft Word 5.5. Rinearson, Peter, 
Microsoft Press, La Veigne, Tenn., 1991, 
686 pp., $24.95. 

ToloGommunIcatlons: Tho Transmission of Infor¬ 
mation. Dayton, Robert L., McGraw-Hill, 
New York, 1991, 184 pp., $35.95. 

Analog Intograted Circuits for Communication. 

Pederson, Donald 0., and Mayaram, Kar- 
tikeya, Kluwer Academic Publishers, 
Dordrecht, the Netherlands, 1990, 568 pp., 
$95. 

Strnclural Analysis In Microelectronic and 
Fiber-Optic Systems, Vol. l. Surhi, Ephraim, 
Van Nostrand Reinhold, New York, 1991,417 
pp., $69.95. 

Optoelectronics for Environmental Science. 

Martellucci, S., and Chester, A.N., Plenum 
Press, New York, 1991, 293 pp., $79.50. 

The Verllog Hardware Description Langnage. 

Thomas, Donald E., and Moorby, Philip, 
Kluwer Academic Publishers, Dordrecht, 
the Netherlands, 1990, 223 pp., $55. 

Inside Aulocad, 6th edition. Raker, D., and 
Rice, H., New Riders Publishing, Gresham, 
Ore., 1990, 896 pp., $34.95. 

POSIX Programmer’s Golds. Leuiine, Donald, 
O’Reilly & Associates Inc., Sebastopol, 
Calif., 1991, 550 pp., $34.95. 

Synchronization Design for Digital Systems. 

Meng, Teresa H., Kluwer Academic Publish¬ 
ers, Dordrecht, the Netherlands, 1990,175 
pp., $59.95. 

Design & Build Electronic Power Supplies. Gott¬ 
lieb, Irving M., Tab Books, Blue Ridge Sum¬ 
mit, Pa., 1991, 163 pp., $17.95. 

Freehand Graphics. Sutherland, Martha, De¬ 
sign Press, New York, 1991,160 pp., $14.95. 

Norton Utilities 5.0. Evans, Richard, Wind- 
crest/McGraw-Hill, Blue Ridge Summit, 
Pa., 1991, 343 pp., $16.95. 

Microwave Oven Repair, 2nd sdHIon. Davidson, 
HomerL., Tab Books, Blue Ridge Summit, 
Pa., 1991, 370 pp., $19.95. 


ResearcJi Institute 

MACH Microkernel 
Development 

• Real time applications 

• Device interface 

• Networking 

• Microkernel development 

• Trust engineering 

Requires a BSCS/MSCS or equiva¬ 
lent and 5-t- years of experience in 
UNIX®/MACH internals develop¬ 
ment as well as advanced operating 
systems experience. 

OSF/1 Advanced 
Development 

• Microkernel development 

• File systems and process 
development 

• Software quality and release 

Requires a BSCS/MSCS or 
equivalent and 5+ years of 
e^erience developing and testing 
UMX-related commercial 
products. 


UNIX ® is a registered trademark 
of UNIX System Laboratories, Inc., 
in the U5. and other countries. 
OSF/1, OSF/Motif, and the OSF 
logo are trademarks of Open 
Software Foundation, Inc. 


Engineering 

Distributed Management 
Environment 

• Senior Architects 

• Senior to Principal Engineers 
RMuires a BSCS/MSCS or equivalent 
with 3-10 years of applicable 
experience in distributed and 
networked systems. 

Su pport Engineering 

Senior Software Engineers 

• OSF/1 

• DCE 

Requires a BSCS/MSCS and 5-7 years 
of experience in a UNIX development 
environment, C proficiency, and 
extensive kernel debugging or RPC, 
NFS/AFS experience. 

Please forward your resume to 
Human Resources, Dept. 492, Open 
Software Foundation, 11 Cambridge 
Center, Cambridge, MA 02142. An 
equal opportunity employer. 
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Y y 1 • ABB Power T&D Company Inc., part of the world’s 

xlClp IvCSlSlT largest electrical engineering firm, seeks the 
following software systems professionals for 
Sy^StCmS opportunities at its Raleigh, NC location. 

‘-®3d Software Developer 

(Jj Our ruturc we are seewng an individual withSCAOA and 
real-time programming experience to act as 
Technical Designer and Project Leader on a full range of real-time software 
projects, from design through acceptance testing. To qualify, applicants 
should have at least 10 years' background in developing Electric Power 
Systems SCADA, including an understanding of SCADA/EMS communi¬ 
cations protocols, experience with UNIX applications in a multi-process/ 
multi-user environment, as well as a background in designing/implementing 
C and FORTRAN applications using a relational database. An MSEE or 
equivalent is preferred. 


Electrical Power Systems Engineer 

The selected candidate will have 10 or more years' experience in the Electric 
Power Systems Industry (distribution experience is preferred), which 
includes developing and applying power system algorithms. Recent 
experience in C, UNIX, X-Windows, Motif and SQL Relational Databases is 
preferred. An MSEE is required; knowledge of optimization 
techniques/algorithms and on-line control applications is a plus. 

Both positions require proof of U.S. residency. 

We are an equal opportunity employer offering a competitive salary and 
benefits program. For consideration, please send your resume, indicating 
positions of interest, salary history/requirements, and availability to: 


ABB Power T&D Company Inc. 
Automated Distribution 
Att: T.W. Reeher 

P.O. Box 9533 
Raleigh, NC 27611 


Ai lili 

ASEA BROWN BOVERI 


HYPRES, Inc. is a worid leader in commer¬ 
cial and experimental superconducting tech- 
noiogy. Our success has created several 
openings for candidates with strong records 
of innovation and the ability to develop 
unique approaches, solutions and inventions 
that will advance the performance of high 
sensitivity and high speed devices and systems. 

A Ph.D or equivalent ei^erience in GHz or 
above, l/C, Hybrid or Bi-Polar Analog Design 
required. Your challenges will include the 
development of new circuit architecture and 
design approaches, culminating in the design 
of complex Josephson junction circuitry 
for products. 

In return for your valued contributions, 
HYPRES offers an exciting research-driven 
environment, attractive salaries and benefits 
including relocation assistance. For confi¬ 
dential consideration, please send your 
detailed resume to: Hollis L. Caswell, 
Chairman and CEO, HYPRES, Inc., 175 
Clearbrook Road, Elmsford, NY 10523. 

We are an equal opportunity/affirmative 
action employer. 



MANAGER 

A major corporation is seeking executives to manage a large technical 
operation for a midwest facility. A challenging employee-oriented and high- 
tech environment is provided. The successful candidate must possess 
good interpersonal skills, have demonstrated leadership ability and willing¬ 
ness to assume responsibility. 

MANAGER, ELECTRONIC ENGINEERING - Manages 

development and engineering production activities for a wide range of products, 
including hybrid microcircuits, printed wiring boards, digital programmers, sequenc¬ 
ers, and trajectory sensing signal generators. 

Qualifications: 

• Several years experience in managing technical development and production 
of electrical products 

• BSEE and thorough knowledge of engineering principles involving electrical 
subassemblies, including circuit theory, test, design and system performance 

• Advanced degree in Electrical Engineering preferred. 

MANAGER, RADAR OPERATIONS - Manages production and 
quality operations for microwave devices, including designing, developing and 
producing radar products. 

Qualifications: 

• Several years experience in managing related functions 

• BSEE and thorough knowledge of microwave engineering 

• Advanced degree in Electrical Engineering and M.B.A preferred 

Selected candidates can expect a competitve salary, comprehensive benefits and 
opportunity for professional growth. Send your resume with salary history in confi¬ 
dence to: 

IEEE Spectrum, Box 5-5 
345 East 47th St., New York, NY 10017 

tn Equal Opportunity Employer M/F/H/V 



[ agnavox, a leader in satellite 
L communication and navigation 
systems, has an immediate opening 
for a: 

DIRECTOR, SYSTEMS 
ENGINEERING 

We are looking for a very senior BSEE 
with at least 10 years exfierience, demon¬ 
strated technical expertise and solid 
management skills. You will be responsible 
for the organization and direction of 
our Systems Engineering and Systems 
Integration and Test Departments. 

We need you to have experience in 
communication systems, digital signal 
processing, digital modems and related 
fields. We also require strong background 
in Military Systems, Cost and Schedule 
(CAM), design allocation and design 
validation management. 

We offer excellent salaries, comprehensive 
benefits and the opportunity to be part 
of an exciting, fast-paced technology 
team. For consideration, send your 
resume to: MAGNAVOX EMPLOYMENT, 
Dept. 916M, 2829 Maricopa St., 
Torrance, CA 90S03. U.S. Citizenship 
Required. Equal Opportunity Employer. 
PRINCIPALS ONLY, PLEASE! 
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CLASSfF/ED 


Columbia University. The Department of Elec¬ 
trical Engineering Invites applicants for a 
tenure-track faculty position. Exceptional can¬ 
didates are sought to fill a potential position In 
software for telecommunications. A successful 
candidate is expected to establish a strong re¬ 
search program and have a desire to teach at 
both the undergraduate and graduate levels. 
Applicants should have expertise in areas such 
as object oriented operating systems and data¬ 
bases, data and knowledge engineering, or par¬ 
allel and distributed systems, with a view to¬ 
ward applications in network management and 
control or high speed protocols. Research 
would be conducted within the laboratories of 
the Center for Telecommunications Research 
(CTR) a national Engineering Research Center. 
The CTR is a leading edge interdisciplinary re¬ 
search facility emphasizing network manage¬ 
ment and control, high speed optical networks, 
and broadband applications such as multime¬ 
dia communication and HDTV. Please send your 
resume and the names of three references to: 
Professor T.E. Stern, Chairman, Department of 
Electrical Engineering, Columbia University, 
500 West 120th Street, Room 1312, New York, NY 
10027. Columbia is an equal opportunity/affirm¬ 
ative action employer. 

Cornell University—Faculty Position. The 

School of Electrical Engineering at Cornell 
University has one opening in the area of com¬ 
puter engineering. Applications are invited at 
all levels; however, we are especially interest¬ 
ed in applications at the senior level. Applicants 
should have strong commitments to and out¬ 
standing achievements in research and teach¬ 
ing. The research areas of the applicant may in¬ 
clude one or more of the following topics: pro¬ 
cessor and system architectures; distributed 
and parallel processing; fault tolerant comput¬ 
ing; design methodology; computer imaging 
and vision; scientific computation and applica¬ 
tions; design of VLSI systems. Interested per¬ 
sons should submit a letter of application, 
professional resume, and the names of at least 
four references to: Director, School of Electri¬ 
cal Engineering, Phillips Hall, Cornell Universi¬ 
ty, Ithaca, NY 14853-5401. Cornell University is 
an Affirmative Action/Equal Opportunity Em¬ 
ployer. 

Positions Open—The Department of Materials 
Science and Engineering at Cornell University 
invites applications for two faculty positions In 
materials science and engineering. Senior 
Faculty Position—This position will become 
available January 1st, 1993. An ability to de¬ 
velop an exceptional teaching and research pro¬ 
gram is required. We have a strong preference 
for candidates with research interests in elec¬ 
tronic materials, but distinguished candidates 
in all fields of materials science will be consid¬ 
ered. If interested, please send a brief one page 
letter outlining your research and teaching in¬ 
terests before June 30th, 1992 to: Chairperson, 
Senior Faculty Search Committee, Materials 
Science and Engineering, 214 Bard Hall, Cornell 
University, Ithaca, NY 14853-1501. Tenure-track 
Junior Faculty Position -This position is subject 
to funding availability. Applicants should have 
a deep commitment to teaching and a strong 
record of research in one of the following areas: 
ceramics, electronic materials, metals, or opti¬ 
cal materials. It is desirable that the research 
effort of the candidate benefits from the current 
experimental capabilities within the depart¬ 
ment, which include extensive electron 
microscopy facilities. Candidates should send 
a curriculum vitae along with a one page state¬ 
ment outlining research and teaching plans be¬ 
fore June 30th, 1992 to: Chairperson, Junior 
Faculty Search Committee, Materials Science 
and Engineering, 214 Bard Hall, Cornell Univer¬ 
sity, Ithaca, NY 14853-1501. Cornell University is 
an Affirmative Action/Equal Opportunity Em¬ 
ployer and Educator. 

The Department of Physics/Electronics En¬ 
gineering at the University of Scranton antici¬ 
pates having a tenure track opening at the as¬ 
sistant professor level. Successful candidates 
will have a doctorate in either electronic (or 
electrical) engineering or in physics with a 
strong electronics background. Duties consist 


primarily of undergraduate teaching. Salary and 
starting rank are dependent upon background 
and experience. Some released time from 
teaching to maintain an active research pro¬ 
gram is routine and strongly encouraged. Send 
resume plus the names, addresses, and phone 
numbers of three references to: Dr. Joseph W. 
Connolly, Chairman, Department of Phys¬ 
ics/Electronics Engineering, University of 
Scranton, Scranton, PA 18510. University of 
Scranton, a Jesuit institution in Northeastern 
Pennsylvania, is an affirmative action/equal op¬ 
portunity employer. 

Rensselaer Polytechnic Institute is soliciting 
applications and nominations for a newly en¬ 
dowed Roberts’Chair in Solid State Electronics. 
The endowed Chair is a commitment from Rens¬ 
selaer alumnus and co-founder of Fairchild 
Semiconductor, C. Sheldon Roberts, and his 
wife, Pat. The Chairholder should be interna¬ 
tionally known and be capable of providing 
scientific and technological leadership in 
microelectronics. Research emphasis can in¬ 
clude semiconductor and packaging materials 
and processing, solid state devices, electron¬ 
ic/photonic systems, modeling and characteri¬ 
zation. The Chairholder must qualify as a 
Professor in the Electrical, Computer and Sys¬ 
tems Engineering (ECSE) Department and be a 
strong contributor to the interdisciplinary Cen¬ 
ter for Integrated Electronics (CIE) at Rens¬ 
selaer. The ECSE Department has over 40 
faculty members with major strengths in the 
areas of Solid State/Integrated Electronics, Au¬ 
tomatic Controls/Robotics, Communications 
and Information Processing, Computer En¬ 
gineering and Fusion Plasmas. The CIE has a 
broad based research focus in Interconnec¬ 
tions and Interfaces, including silicon and com¬ 
pound semiconductor devices and interfaces, 
multilevel metallization and interlayer dielec¬ 
trics, thin-film packaging and high performance 
digital and analog design. Both the ECSE 
Department and the CIE are major components 
of a Rensselaer strategic focus in the area of 
Manufacturing, Materials and Design. Applica¬ 
tions, nominations and inquiries should be ad¬ 
dressed to Prof. Ronald J. Gutmann, Director of 
the CIE and Professor of ECSE, Rensselaer 
Polytechnic Institute, Troy, New York 12180-3590 
or by electronic mail to rgutmann@unix.oie. 
rpi.edu. Rensselaer is an affirmative ac¬ 
tion/equal opportunity employer. 

Sultan Qaboos University-College of Engineer¬ 
ing. Sultan Qaboos University, the National 
University of the Sultanate of Oman, is seeking 
applicants for Faculty position in their Electri¬ 
cal and Electronic Engineering, in the following 
areas: Digital Electronics, Microprocessors, 
Computer Architecture and Organization, Com¬ 
puter Communication Networks. Candidates 
must hold an earned Ph.D. degree and must 
have potential for high quality teaching and the 
initiation of research work. Rank and salary will 
commensurate with qualifications and ex¬ 
perience. Benefits include free furnished ac¬ 
commodation, free medical service, yearly 
repatriation tickets and two months paid leave. 
Interested applicants should submit their C.V. 
with supporting documents to: The Personnel 
Affairs Officer, Sultan Qaboos University, P.O. 
Box 32500, Al-Khod, Sultanate of Oman. 

University of Thessaioniki Greece. The newly 
established department of Informatics (Com¬ 
puter Science), is seeking expression of interest 
for a series of faculty positions at all levels 
soon to be announced. All specializations, PhD 
and Greek citizenship required. Please write to: 
Prof. J.A. Tsoukalas, Department of Informatics, 
54006 Thessaloniki, Greece. Tel: -1-30-31-991456. 
Fax: -H 30-31-909839. 

The Hong Kong University of Science and Tech¬ 
nology, Dept, of Electrical & Electronic En¬ 
gineering, invites applications for the Ph.D. 
programme. The EEE Dept, has excellent re¬ 
search facilities in areas of CAD for VLSI cir¬ 
cuits, microelectronics, digital electronics, sig¬ 
nal processing and communications. Financial 
aid in the form of TA/RA and fellowships are 
available. Send your inquiry to Dr. Kwan F. 
Cheung, EEE Dept., H.K. Univ. of Science & 
Technology, Clear Water Bay, Kowloon, Hong 

Hong Kong Polytechnic—Head of Department 


of Electronic Engineering (tenable immediate¬ 
ly). The Hong Kong Polytechnic was established 
in 1972. With a full-time equivalent student 
population of 13,500 and a full-time academic 
staff establishment of around 1,000, it is the 
largest of the higher education institutions in 
Hong Kong, offers a wide range of advanced 
courses and pursues research to doctorate 
level. The Department of Electronic Engineer¬ 
ing offers a part-time MSc Degree course in 
Electronic Engineering and a BEng (Hons) De¬ 
gree course on a sandwich or full-time as well 
as part-time basis. In addition, the Department 
also offers a range of postgraduate and higher 
diploma/higher certificate programmes. The 
Department has close links with local industry 
and these are reflected in a range of consultan¬ 
cies. Research is being vigorously pursued. Cur¬ 
rently, it has approximately 28 MPhil/PhD re¬ 
search students, 40 part-time MSc students, 460 
full-time students and 400 part-time students. 
In 1991/92, the Department has an academic es¬ 
tablishment of 47, and enjoys strong technical 
and administrative support. The Head of 
Department will be expected to provide leader¬ 
ship to this team in all aspects of academic ac¬ 
tivities including teaching, research and con¬ 
sultancy. Qualifications and Experience: Can¬ 
didates should have high academic qualifica¬ 
tions at doctoral level and appropriate 
professional qualifications, together with a 
proven record of research activities and publi¬ 
cations. Relevant experience in industry and 
the profession will be distinct additional advan¬ 
tages. Candidates will also be required to 
demonstrate the personal qualities necessary 
to lead and manage a sizeable Department with 
all its diverse functions. Professorial Title: Con¬ 
sideration will be given to the award of the title 
of Professor to a suitably qualified appointee. 
Salary and Conditions of Service: The salary is 
within a range and not less than HK$657,000 
p.a. (US$1 = HK$7.74 approximately as at 24 
March 1992). Initial appointments at this level 
are normally made on a fixed term contract of 
four years at the end of which a gratuity equal 
to 25% of salary earned over the whole contract 
period is payable. Subject to mutual agreement, 
a further appointment may be offered at the end 
of the initial contract period, either on the basis 
of a further gratuity bearing fixed term contract 
or on superannuable terms. Other benefits in¬ 
clude subsidised housing, leave, passages, 
medical and dental scheme, and children’s edu¬ 
cation allowance. Applications: Application in¬ 
cluding curriculum vitae and names of three 
referees should be sent to the General Secre¬ 
tary, Hong Kong Polytechnic, Hung Horn, 
Kowloon, Hong Kong before May 29th (Fax 
852 364 2166). Further information Is obtainable 
from the same office. Candidature may be ob¬ 
tained by nominations. The Polytechnic 
reserves the right not to fill this post or to fill it 
by invitation. 


Govemment/lndustry Positions Open 


Computer Systems Specialist (Medical Imaging 
Research/Systems Support)—$38,861 — 
$60,070. The Clinical Center of the National In¬ 
stitutes of Health is seeking a senior systems 
manager/scientific programmer to provide com¬ 
puter systems support for the Radiology and 
Nuclear Medicine Departments, and to assist 
with collaborative ventures between the Clini¬ 
cal Center Imaging Science Group, the Division 
of Computer Research and Technology, the Bi¬ 
omedical Engineering Branch, and the 13 Insti¬ 
tutes. This position is part of a new Clinical Cen¬ 
ter initiative to improve the Clinical Center’s in- 
vivo imaging capabilities In order to better sup¬ 
port the Institutes’ clinical research needs. The 
applicant must have experience in scientific 
programming and some aspects of system 
management. Familiarity with image (medical 
or non-medical) analysis or display is desirable. 
The position combines image analysis research 
support with systems support of the clinical in- 
vivo imaging analysis systems. This includes 
analysis, display, storage and retrieval of im¬ 
ages from a wide variety of state of the art Im¬ 
aging systems. The successful applicant will 
support this work and the related computer in¬ 
frastructure. U.S. Citizenship required. Send 
your Application for Federal Employment (SF- 
171) and Resume to: Mr. Patrick Murphy, NIH, 
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Engineer, Senior Device. Define, develop, 
characterize & evaluate the next generate of 
sub-micron CMOS processes. Knowldge of 
semiconductor device theory, solid state phys¬ 
ics, CMOS & bipolar process flow. Knowldge of 
process, device & circuit simulatn including 
SUPREM, SUPRA, PISCES, MINIMOS & SPICE 
Knowldge of device modeling techniques, nu¬ 
merical analysis, computer operation systm, 
optimizatn algorithm, device characterizatn 
techniques & TECAP systm operate. Knowldge 
of data acquisitn, parameter extraction tech¬ 
niques, S-parameter, high speed device meas¬ 
urements, hot electron effects & reliability phys¬ 
ics. Jobsite: Santa Clara, CA. Ph.D. in EE. Entry 
Ivl. Salary $1038.46/wk. 40hrs/wk. Clip ad & sub¬ 
mit w/resume to IEEE Spectrum, RO Box 5-1,345 
E. 47th St., New York, NY 10017, no later than 
June 1,1992. 

Engineer, Senior Process. Resp. for developng 
state-of-art 3-D simulator for advancd CMOS & 
BJT devices, & enhance procss/device simula¬ 
tors. Knowldg of device physics, numerical 
techniques, TCAD framewk & concepts. 
Knowldg of 3-D simulators for advanced CMOS 
& BJT devices & procss/device simulators. 
Knowldg of advancd numerical algorithms in 
simulatn progrms PISCES 2 & SUPREM 3 & 4. 
Knowldg of device simulator developmnt & ad¬ 
vancd device structure such as non-volatil 
memry. Able to use simulatn tools such as 
MINIMOS. Able to progrm in Fortran, C, Pascal, 
& X-windows w/in UNIX, VM/ CMS, & VMS. Job- 
site: Santa Clara, CA. Ph.D. or equiv. in Elec. 
Eng. or equiv. Entry level. Salary: $55,020/yr. 
40hrs/wk. Clip ad & submit w/resume to IEEE 
Spectrum, RO. Box 5-2,345 E. 47th St., New York, 
NY 10017, no later than June 1,1992. 


_ __Senior Process. Resp. for developing 

plasma & wet etch processes Includng charac¬ 
terization using statistical designed experi¬ 
ments & Implementation of processes Into pilot 
line production. Knowldge of semiconductor 
device operation & architecture. Knowldge of 
gas plasmas & etching processes. Knowldge of 
diffusion processing & deposition of polysili¬ 
con & silicon dioxide. Knowldge of Ionic con¬ 
tamination in semiconductor processes in¬ 
cludng sodium contamination. Knowldge of op¬ 
tical measurement techniques of multiple layer 
films. Knowldge of measurements of UV reflec¬ 
tivity, SIMS, TEM & l/V measurements. 
Knowldge of optical characterization of surface 
& interface states. Knowldge of computer data¬ 
base. Jobsite: Santa Clara, CA. Ph.D in Materi¬ 
al Sci. or Physics. Entry LvI. Salary: $4,500/mo. 
40hrs/wk. Clip ad & submit w/resume to IEEE 
Spectrum, RO. Box 5-3,345 E. 47th St., New York, 
NY 10017, before June 1st, 1992. 

Sales Administrator (Trade Regulations Ana¬ 
lyst). Sales Administrator (Trade Regulation An¬ 
alyst) needed to research relevant laws and 
regulations pertaining to the development, use 
and marketing of communication equipment 
produced and sold in the United States. Analyze 
current regulations as well as proposed regu¬ 
lations which will effect research and develop¬ 
ment, distribution and potential problem areas 
for future products. Gather Information through 
Intensive reading, personal interviews and cor¬ 
respondence with federal agencies such as the 
Federal Communications Commission, the Of¬ 
fice of Science and Technology Policy and the 
National Telecommunications and Information 
Administration. Provide research reports, in¬ 
terpretations and analysis of such information 
(Including recommendations) to offices In 
America, as well as Japan. Coordinate product 
availability with the Sales Administration and 
Order Entry staff. Requires a Bachelors Degree 
in Legal Studies or Trade and 2 years experience 
in job offered or 2 years directly related trade, 
sales and market research experience. Must be 
able to read, write and speak Japanese In order 
to communicate and correspond with overseas 
offices. Forty hour work week. $35,000 per year. 
Apply at the Texas Employment Commission, 
Fort Worth, Texas or submit resume to the Texas 
Employment Commission, TEC Building, Aus¬ 


tin, Texas 78778-0001, Job Order No. 6449069. Ad 
paid by an Equal Employment Opportunity Em¬ 
ployer. 

R&D design engineer (electronics): Perform 
R&D on automated non-dispersive infrared gas 
sensors used In air ventilation monitors/con¬ 
trollers & fire sensors. Design elect, compnts & 
systems, & investigate new apps. f/infrared 
tech. Design software f/automation of elect, 
communictns modules, incl. code radio¬ 
frequency remote control. Need Ph.D. in en¬ 
gineering, electronics, or physics and 3 yrs. job 
exper. or applied research (electronics) exper. 
Must know C & assembler. $40,661/yr. Job site 
& interview: Goleta CA. Send this ad and re¬ 
sume to Job #AM7771, RO. Box 9560, Sacramen¬ 
to, CA 95823-0560 not later than 6/7/92. 

Reliability & Test Engineer for automotive 
manufacturer to perform Electromagnetic Com¬ 
patibility testing on vehicle and components to 
monitor effects of electromagnetic fields & con¬ 
ducted transient signals on-board electronic 
components & emission of electromagnetic 
fields & conducted transients by electronic 
components; work w/release/test engr to devise 
for component/test operations & make recom¬ 
mendations to assure electromagnetic com¬ 
patibility of on-board electronic components; 
use spectrum analyzers, oscilloscopes, signal 
generators & receivers, lap-top computers to 
conduct customized vehicle testing; Issue 
reports interpreting test results; determine ac¬ 
ceptable electromagnetic compatibility of ve¬ 
hicle & validation plans for timing of preproduc¬ 
tion electromagnetic compatibility testing of 
vehicles. Min Qual: B.S.—-Electrical Engr course 
work incl 3 courses (1 involving lab work) ea in 
1) theory & appllc of electromagnetic fields & 
waves, & 2) control systems, taken in an ABET 
accredited engr program. 6 mo exp—Engr Re¬ 
search Asst/Engr Aide/Engr intern. Exp must in¬ 
clude software appllc for signal monitoring (2 
mo) & setting up electrical test systems w/anal- 
ysis based on signal output (2 mo). FT w/0—10 
hrs O.T. variable; 7:30a-4:30p M-F $36,000/yr 
w/O.T. 1.5 X base. Resume: Michigan Employ¬ 
ment Security Commission, 7310 Woodward, 
Rm 415, Detroit, Ml 48202. Ref#9192 Employer 
Paid Ad. 

Senior Systems Engineer— Description: Con¬ 
ducts research and development of solutions to 
improve meteor burst communication technol¬ 
ogy. Duties Include: application of new and ex¬ 
isting algorithms into computer-based knowl¬ 
edge/prediction model to improve the predic¬ 
tion of meteor burst communications systems 
performance; develop solutions to improve time 
synchronization for multiple systems; research 
and design test bed equipment; develop solu¬ 
tions to improve noise immunity and incor¬ 
porate features to provide automatic noise cal¬ 
ibration; research problems and develop prac¬ 
tical applications for current technology; de¬ 
sign meteor burst communications systems 
and liaison with clients on a technical level; re¬ 
search and design antennas for meteor burst 
systems. Education: Masters of Science in Elec¬ 
tronic Engineering or equivalent. Experience: 
Three years as a Senior Systems Engineer or in 
Meteor Burst Communications, and one year of 
applied experience with modeling meteor burst 
communications systems using computer- 
based prediction software. Salary: $60,000 per 
year, exempt position, from 9:00 a.m. to 5:00 
p.m. in the Kent, Washington area. Must have 
proof of legal authority to work in the U.S. Send 
resume by June 1,1992 to: Employment Securi¬ 
ty Department, E&T Division, Job No. 305339-M, 
RO. Box 9046, Olympia, Washington 98507-9046. 

Senior Computer Scientist— Rroject team co¬ 
leader in meteor burst development. Duties in¬ 
clude: integration of protocols to the model and 
adapting model to McIntosh computer; assist¬ 
ing in developing a model adaptable to cus¬ 
tomer’s networks; developing a personal com¬ 
puter based trail monitoring system; work with 
software personnel to develop various pro¬ 
grams and data bases for customer needs 
worldwide (this requires the transference of 
data collected by MCC systems into customer 
systems or presentation of such data to the cus¬ 
tomer in a variety of easily understood and use¬ 
ful reports); developing software for mobil data 
communication employing advanced ergonom¬ 
ic techniques. Education: Master of Sciences 


in Computer Science or equivalent. Experience: 
Three years as Senior Computer Scientist must 
include three years of scientific computer 
programming plus one year of applied ex¬ 
perience with meteor ionization modeling. Sal¬ 
ary: $50,000 per year, exempt position 8:00 am 
to 5:00 pm in the Kent, Washington area. Must 
have proof of legal authority to work in the U.S. 
Send resume by June 1, 1992 to Employment 
Security Department; E&T Division; Job # 
305126, RO. Box 9046, Olympia, Washington 
98507-9046. 

Research Associate in investment manage¬ 
ment research and computer software develop¬ 
ment. Duties include directing and coordinat¬ 
ing with other research scientists, applied 
mathematicians, and computer scientists, de¬ 
velopment of stochastic processing neural art¬ 
work models for investment management and 
prediction. Supervise and participate in numer¬ 
ical algorithms design and computer software 
development based on the above mathematical 
models. Requirements: Minimum of Rh.D or 
equivalent in Applied Mathematics/System 
Science with skill in numerical analysis and the 
application of mathematical and stochastic 
theory, experience In computer modelling and 
simulation of managerial decision making 
using neural network modelling. At least two 
years’ experience after graduation, one year in 
related research and one year in computer 
modelling. At least two published papers in nu¬ 
merical analysis and computer modelling. 
Knowledge of C-i- + and Windows required. Job 
Site/Int: Walnut Creek, CA. Salary: $50,000 per 
year on the basis of a forty hour work week. Ex¬ 
planation: 1. Skill in numerical analysis is re¬ 
quired for designing efficient numerical al¬ 
gorithms for mathematical/stochastic models. 
2. Knowledge of mathematical/stochastic the¬ 
ory is required for developing such models for 
investment management and prediction. This 
knowledge is applied towards modelling deci¬ 
sion making under uncertainty. 3. Neural net¬ 
works represents new mathematical tools for 
modelling decision making under uncertainty. 
It has found many applications in economic 
forecasting and prediction, a mainstay of 
Gifford Fong’s consulting business. 4. Rub- 
lished papers represents evidence of research 
ability and experience in the enumerated fields. 
5. The software developed in this company are 
implemented in C-r- + language, and utilizes a 
Windows environment. Four of our five research 
associates are directly involved In software de¬ 
velopment. Send this ad and your resume to: 
Job #GB 27253, RO. Box 9560, Sacramento, CA 
95823-0560, no later than May 31, 1992. 

Controls Systems Engineer: entails detail sys¬ 
tem design, implementation & startup of DCS 
& PLC Systems, field instrumentation and 
specification in the oil & gas, pulp & paper, & 
chemical industries. Experience on Honeywell 
TDC2000 & TDC3000, Taylor Mod 300, Moore 
MYCRO & LIL, Allen Bradley PLC’s 2 & 5, GE 
90/70 a must. Requirements are BSc Engineer¬ 
ing in Electrical or Electronic Engineering with 
a minimum of 8 years direct experience in in¬ 
dustrial process controls of which 2 years must 
be with a large engineering consulting firm. Sal¬ 
ary $55000/yr, 40 hours/week, 7:00/7:30 am to 
4:00/4:30 pm, Mon to Fri, OT as required. Loca¬ 
tion: Bellingham, WA, must be able to travel. 
Send resume by May 31, ’92 to Employment 
Security Department, E&T Division, Job # 
299712, RO. Box 9046, Olympia, WA 98507-9046. 

Research Assistant Professor, $28,000/yr, 40 
hrs/wk. Will perform research on chemical 
vapor deposition and etching projects using 
ultrahigh vacuum equipment. Auger electron 
and mass spectroscopy, FTIR and Raman spec¬ 
troscopies. Will use various lasers and plasma 
reactors for etching and material deposition of 
copper and PLZT films. Ph.D. in Microelectron¬ 
ics or equiv. w/background in chemistry and 3 
yrs’ exper. in laser induced physical and chem¬ 
ical processing required. Submit resumes: NM 
Dpt. of Labor, 501 Mountain NE, Albuquerque, 
NM 87102. CC#1001. JO#334037. 


Gmernment/lmlustrr Position Wanted 


Math M.S. 25 yrs R&D, pubs guid waves sys 
seeks 2-4 mo pos Num Meth-coding For¬ 
tran/Rocky Mtn Basic have PC486 (303)494-8405. 
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READER GUIDE TO PRODUCTS AND SERVICES 


EMPLOYMENT GUIDE FOR 
ENGINEERS AND SCIENTISTS 

IEEE-United States Activities has published a re¬ 
vised, expanded third edition of the popular Employ¬ 
ment Guide for Engineers and Scientists. This two- 
volume set includes practical advice on the Job mar¬ 
ketplace, the preparation and use of resumes, the 
use of employment and outplacement agencies, sal¬ 
ary and benefit expectations, and career-planning 
strategies. It contains a directory of companies that 
employ IEEE members, with contacts where avail¬ 
able. Unemployed U.S. nonstudent members may 
receive a complimentary copy of this publication by 
writing the lEEE-USA office, 1828 L St., N .W., Suite 
1202, Washington, D.C. 20036-5104. Include mem¬ 
bership number with request. 

For mors information, CIRCLE #81 on the Reader 
Service Card. 


Writing and Speaking in the 
Technology Professions: 

A Practical Guide 

by David F. Beer, University of Texas at Austin 
This book delivers concrete advice by foremost ex¬ 
perts on how to communicate more effectively in the 
workplace. Beer includes discussions of a variety 
of approaches such as: writing clear and effective 
technical documents, giving oral presentations more 
confidently, presenting information visually through 
graphics, holding productive meetings, and becom¬ 
ing an efficient listener. 

PARTIAL CONTENTS: Initial Approaches; Writing 
Your First Drafts; Text and Graphics; Presenting In¬ 
formation Visually; Construction and Organization; 
Putting Some Documents Together; Manuals and In¬ 


structions; Giving Directions That Work; Proposals; 
Writing to Win the Customer; Revising and Editing; 
Refining Your Document; Oral Presentations: Speak¬ 
ing Effectively to Groups; Meeting, Disputing, 
Listening: Working with Others to Get Results. 
1992; 278 pp. 

Product No. PP02782 
ISBN 0-87942-284-X 
Member $24.00 (soft cover) 

List $29.95 (soft cover) 

To order, call 1-800-678-IEEE or 908-981-0060 out¬ 
side the United States. 


IEEE-USA Open Forum 

What are the problems in your area right now? Un¬ 
employment? Competitiveness of your industry in 
global markets? Pensions? Here's your chance to 
hear what IEEE United States Activities (lEEE-USA) 
is doing about them. More than that, here’s your 
chance to sound off on what you think lEEE-USA 
should be doing about them. 

On Saturday, June 27, lEEE-USA’s leaders will 
visit Anaheim, Calif., and on Saturday, Oct. 24, they 
will meet in St. Louis, Mo., for open forums with 
members. Details of these meetings will be an¬ 
nounced later. 

Enhancing careers and influencing Government 
policy on behalf of members is the business of lEEE- 
USA. Come and learn what is already being done, 
and tell the leaders what more they could do to ben¬ 
efit you! 

For advance information on iEEE-USA programs, or 
any questions about these meetings, write, phone, 
or fax iEEE-USA, 1828 L St., N.W., Suite 1202, 


Washington, D.C. 20036-5104; office, 202-785- 
0017; fax, 202-785-0835. 


1991 IEEE U.S. Membership Salary 
and Fringe Benefit Survey 

The only source of current information on the sala¬ 
ries and fringe benefits of electrical engineers in the 
United States is now more comprehensive and in¬ 
formative than ever before. Explores more than 50 
variables affecting salaries and benefits. Shows sal¬ 
ary variation by Metropolitan Statistical Areas, traces 
salaries vs. Consumer Price Index from 1972, and 
shows frequency distribution of all statistics. Con¬ 
tains more than 75 exhibits. Essential data for en¬ 
gineers, corporate and engineering managers, and 
personnel and salary administrators. 

Product No. Member List 

UH0185-9 $74.95 $99.95 

To order, call 1-800-678-IEEE or 908-981-0060 out¬ 
side the United States. 


PAPERS COMPETITION HIGHLIGHTS 
NATIONAL STANDARDS WEEK 

The Standards Engineering Society and IEEE Stan¬ 
dards are holding a competition for papers on the 
theme "Standards Promote Competitiveness" to 
highlight that vital link during National Standards 
Week. This annual event, celebrated during the sec¬ 
ond week of every October by the standardization 
community, focuses national attention on the im- 
(Continued overleaf 
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portance of standards to commerce, industry, and 
government. 

The competition is open to aii individuais in the 
private sector or government v/ho work in facilities 
located in the United States. Employees of nation¬ 
ally recognized private-sector standards-developing 
organizations are ineligible. In addition to showing 
how competitiveness can be promoted through the 
application of standardization practices, the paper 
should make an important contribution to further¬ 
ing the development and understanding of stan¬ 
dardization in government, commerce, and industry. 
For copies of contest rules and entry forms, writs 
to the National Standards Week Paper Competition, 
Standards Enginoering Society, Box 2307, Dayton, 
Ohio 45401-2307. Papers should be received by the 
National Standards Week Committee no later than 
June 15, 1992. 


New Report 

‘COMPETITIVENESS 

and 

TECHNOLOGY POLICY’ 

U.S. competitiveness in global markets and national 
technology policy constituted the theme of an IEEE 
workshop held In conjunction with the 1991 En¬ 
gineering Societies Government Affairs Conference, 
under the auspices of the American Association of 
Engineering Societies. Moderated by Erich Bloch, 
former director of the National Science Foundation, 
the workshop examined the role that technology poli¬ 
cy can and should play in advancing U.S. econom¬ 
ic competitiveness. In the first of two panel sessions, 
invited speakers outlined industry perspectives on 
economic issues and needed incentives. In the sec¬ 


ond panel. Government speakers described current 
Federal strategies to promote technological competi¬ 
tiveness. 

A 32-page summary report of the workshop, 
"Competitiveness and Technology Policy," has been 
released by the IEEE’s Technology Policy Conference 
Committee. Copies are free on request to the IEEE’s 
United States Activities Office, 1828 L St., N.W., 
Suite 1202, Washington, D.C. 20036. 


HOW TO DEVELOP A STANDARD 

The IEEE Standards Board has created an introduc¬ 
tory videotape entitled "How To Develop a Stan¬ 
dard.” The tape is nearly 15 minutes long and was 
designed to be shown to groups as part of a meet¬ 
ing. The Standards department also maintains a list 
of speakers who are experienced in IEEE standards 
development and located throughout the United 
States. 

For further information on speakers and a copy of 
the videotape and related meeting materials, con¬ 
tact Karen DeChino, 908-562-3802; fax, 908-562- 
1571; or CIRCLE #82 on the Reader Service Card. 


COMPETING IN THE 
WORLD MARKETPLACE 

IEEE United States Activities recently published How 
the United States Can Compete in the World Mar¬ 
ketplace, a practical guide developed by the Com¬ 
mittee on U.S. Competitiveness. 

The 24-page booklet outlines several steps that 
the United States can take to regain its competitive 


edge, such as creating more funds for private cap¬ 
ital investment; modifying Federal antitrust policies 
to conform with the current global market situation; 
investing in long-term manufacturing processes; 
employing managers with a good understanding of 
the technologies and economics of their business¬ 
es; incorporating engineering courses in product 
development, manufacturing technology, and sys¬ 
tems engineering into school curricula; and institut¬ 
ing pre-competitive R&D geared toward supporting 
a product line rather than specific products. The 
booklet is available free of charge from the lEEE- 
USA Office in Washington, D.C. 

To order, CIRCLE #83 on the Reader Service Card. 


IEEE Member Opinion Surrey 

This publication is the result of the first worldwide 
IEEE member opinion survey. Such topics as em¬ 
ployment, education levels, the use of computers 
in the workplace, and important issues for electri¬ 
cal engineers in the 1990s are included in the core 
section. U.S. and non-U.S. members were also sent 
questions about their particular needs. U.S. mem¬ 
bers were asked to rank the importance of various 
professional issues to the individual member and 
to the profession and the status of educational ser¬ 
vices in the United States. Non-U.S. members were 
asked about such matters as membership in other 
technical societies and attendance at IEEE confer¬ 
ences worldwide. 

Product No. Member List 

JH9992-9 $7.50 $19.95 

To order, call 1-800-678-IEEE or 908-981-0060 out¬ 
side the United States. 
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0^ Check the 
books you want, 
fill in tne order 
form below, and 
mail or fax to 
IEEE. 

(Members will be billed.) 

□ FUZZYMODEISFORPAHERN 
RECOGNITION 

Methods That Search for Structures in Data 
edited by James C. Bezdek, University of 
West Florida, and Sankar K. Pal, Indion Statis¬ 
tical Institute - Calcutta, India 
Co-edited by James Bezdek, editor of the new 
journal IEEE Transactions on Fuzzy Systems, 
this book shows everything from how the field 
has developed to where it might lead in the 
'' ‘' chr ' ■ " 


classifier design, and image processing and 

March 1992 ISBN 0-7803-0422-5 
Order #PC03178 552pp 

IEEEMemberPrice$6000ListPrice$74.95 

□ ARTIFKIALNEURALNETWORKS 

Paradigms, Applications, and Hardware 


edited by Edgar Sanchez-Sinencio, Texas A&M 
University and Clifford Lau, Dept, of the Navy 
This book is 0 comprehensive collection of the 
latest foundations, hardware implementabon 
techniques, and engineering applications of 
artificial neural networks. It provides a well- 
rounded presentation of alternab've approaches 
to a variety of topics along with key refer¬ 
ences for self-sturfy. 

Available April! 992 ISBN 0-87942-2890 


□ NEURAL 
NETWORKS 

Theoretical Foundatians 
and Analysis 

edited by Clifford Lau, Dept, 
of the Navy 

Theorebcally and math- 
emabcally oriented to build 
a solid foundation for future neural research, 
this volume provides scienbsts and engineers 
with the fundamental mathematical skills 
needed to understand both the capabilities and 
the limitahons of neural network performance. 
January 1992 ISBN 0-87942-280-7 
Order IPC02790 336pp 

IEEE Member Price $37.50 Usf Price $49.95 

□ DIGITAL MOS INTEGRATED 
CIRCUITS II 

with Applications to Processors and Memary 
Design 

edited by Mohamed I. Elmasry, University of 
Waterloo 

Represenhng today's key research work in 
digitol MOS integrated circuits, this book offers 
the most comprehensive, up-to-date informa¬ 
tion on a field that has witnessed phenomenal 
advances over the past ten years. Of great 
value to MOS digital circuit and system design¬ 
ers as well as researchers, DIGITAL MOS INTE¬ 
GRATED CIRCUITS II covers the most recent 
developments in digital MOS ICs and their 
applications in memory, signal and data pro¬ 
cessing, and application specific ICs. 

March 1992 ISBN 0-87942-275-0 
Order #PC02691 472pp 

IEEE Member Price $55.00 List Price $69.95 

□ a NEW GUIDE FOR BEHER 
TECHNICAL PRESENTATIONS 

Applying Proven Techniques with Modern 
Tools 


1171717 1^R|7C1CL 

IIMIim 


...allnoney-saving memEerprices^^^^ 



edited by Robert M. Woelfle, E-Systems, Inc. 
Providing the latest techniques in one handy, 
easy-to-use source, this practical guide gives 
you the background you need to make highly 
sophisticated technical presentahons - written, 
oral, even computer graphics. It covers the 
essenhal ingredients for all effective presenta¬ 
tions including: how to reduce preparahon cost 
and hme by discovering exactly what you'll 
need to execute an effechve presentahon, 
identifying the types and quality of all the latest 
visual aids - and how to prepare them, and 
much more! 

Avoilable June 1992 ISBN 0-87942-283-1 
Order #PP02774 416pp (est.) Softcover 
IEEE Member Price $27.50 List Price $34.95 

□ UNDERSTANDING 
TELECOMMUNICATIONS AND 
LIGHTWAVE SYSTEMS 

An Entry-Level Guide 
by John G. Nellist 

This introduchon to lightwave telecommunica¬ 
tions provides nontechnical managers and stu¬ 
dents with an overview of this emerging tech¬ 
nology of lightwave systems and its impact on 
communications. UNDER$TANDINGTELECOM- 
MUNICATION$ takes you from the basic prin¬ 
ciples and standards of today's telephone 
network to current and future technologies of 
microwave radio, satellite communicahons, 
digital switching, video transmission, and wire¬ 
less communications. Yet the book's simple 
treatment of the subject shll gives readers 
a sophishcated understonding of the 
field. 

Available April 1992 
ISBN 0-7803-0418-7 
Order #PP03145 208pp Softcover 
IEEE Member Price $24.00 
List Price $29.95 


□ understanding LASERS 

An Entry-Level Guide 
by Jeff Hecht, $r. Contributing Editor, Lasers 
and Optronics Magazine 
This introductory guide explains how lasers 
work and how they are used in the real world 
of medicine, felephones, compact discs, and 
supermarket checkout lanes. Written for stu¬ 
dents, hobbyists, and the just plain curious 
this authoritahve text is clear, succinct, and 
amply illustrated - an ideal tool and o valu¬ 
able reference for technical and nontechnical 
readers alike. 

January 1992 l$BN 0-87942-298-X 
Order #PP02931 448pp Softcover 
IEEE Member Price $20.0tf 
List Price $24.95 

‘This is the IEEE edition of o book previously 
published by Howard W. Somsond Compony under 
the bde Understanding Lasers. 

□ modern POWER 
ELEQRONICS 

Evolution, Technology, and Applications 

edited by B.K. Bose, University of Tennessee, 
Knoxville 

This up-tchdafe ond aufhorituhve survey of 
current power electronics technology and 
energy saving applications focuses on power 
semiconductor devices, AC-DC converters, 
AC-AC converters, DC-DC converters, DC-AC 
converters, PWM methods, and converter 
applicah'ons. 

January 1992 l$BN 0-87942-282-3 
Order #PC02766 608pp 

IEEE Member Price $55.00 List Price $69.95 


All htles are hardcover and are available now 
except where noted. Prices are subject to 
change without nohce. 
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Software reviews 


TBChalcal woni processing 

by John R. Hines 


Ami Pro 2.0. lotus 
Development Corp. 

Windows- or NewWave- 
based word processor 
comes with a buitt-in 
equation editor and 
integrated toots for 
creating and editing 
charts, images, and 
tables. The version 
reviewed requires an 
IBM PC AT or compatible running MS DOS SO or 
higher, 1 Mbyte ol memory and 8 Mbytes of free disk 
space. US $495. 


Ami Pro 2.0 has the power of a full-featured 
word processor plus the unique features of 
a technical word processor. It includes not 
only a thesaurus, a dictionary, revision mark¬ 
ing tools, and on-line help, but also, for in¬ 
stance, the ability to print text, tables, im¬ 
ages, and equations at the same time. Four 


features make Ami Pro useful to engineers 
who have to create technical documents: a 
WIMP (windows, icons, mouse, and pull¬ 
down menus) user interface, WYSII^G 
(what you see is what you get) Windows dis¬ 
play, an equation editor, and a table tool. 

The WIMP interface developed by Xerox 
Corp. simplifies word processing. Creating 
or modifying a document requires only a few 
point-and-click mouse movements and a few 
key strokes. At Honeywell Inc.’s Micro 
Switch Division engineers with no previous 
word-processing experience have created 
complex documents without training or as¬ 
sistance in less than a week. 

The point-and-click interface is somewhat 
slow, however, so Lotus has supplied power 
user tools to reduce the number of mouse 
movements. 

A WYSIWYG equation frame may be 
placed anywhere in a document, even inside 
a paragraph of standard text. An equation is 
built by pointing-and-clicking at one of sever¬ 
al hundred special symbols in the editor 
menu and then copying the symbol into the 
right place in the equation box. The WYSI¬ 


WYG display also saves the user from hav¬ 
ing to remember special key combinations 
or mentally translate ASCII characters on 
the display into symbols on paper. 

The table function is another easy-to-use 
yet powerful feature. Tables may be insert¬ 
ed between paragraphs anywhere in a docu¬ 
ment. The tables do have one drawback, 
though: Ami Pro takes much longer to 
manipulate documents with tables than 
documents without tables. 

In short. Ami Pro can be used for any 
word processor task, no matter how com¬ 
plicated. It will merge text, equations, im¬ 
ages, and tables into a single document that 
can be stored on a disk and, as laser-printed 
hard copy, can be published with no more 
ado. Ami Pro does everything an engineer 
or a scientist asks from a word processor. 
Contact: Lotus Development Corp., 55 Cam¬ 
bridge Parkway, Cambridge, Mass. 02142; 
617-577-8500; or circle 101. 

John R. Hines (M) is a silicon sensor engineer at 
Honeywell Inc. 's Micro Switch Division, Richardson, 
Texas. 




• Integrated Schematic Entry • Extensive Device Libraries 

• Powerful Spice Simuiator • Monte Carlo Analysis 

• Easy to use Waveform Processing • Training Ciasses 


intusoft has it aii at an Affordabie Price! 



The ICAPS simulation system allows an engineer to enter a circuit into the computer and 
evaluate its behavior before actually building the circuit. It includes 4 integrated modules. 
SpiceNet is a schematic entry program that generates a complete Spice netlist and 
alleviates many of the headaches associated with older Spice programs. PreSpice adds 
extensive libraries with over 1200 parts, as well as the ability to add your own models. The 
IsSpice module runs on all PC computers and performs the actual AC, DC, time, noise, 
fourier, and temperature analyses. Special extended RAM versions capable of simulating 
large circuits are available. The last module, IntuScope, displays and measures the IsSpice 
output data. Starting at $95 for IsSpice, complete systems are available for under $1000. 


intusoH 


THE SWISS FEDERAL INSTITUTE 
OF TECHNOLOGY IN LAUSANNE 
UECOLE POLYTECHNIQUE FEDERALE 
DE LAUSANNE 

invites appiications for a position of an 

ASSISTANT PROFESSOR IN ELECTRONICS 

for its Department of Electrical Engineering 

Speciality: General basic electronics, elec¬ 
tronic circuits and systems for communi¬ 
cations. 

Women are particularly welcome. 

Deadline for application: 31 May 1992 
The successful candidate will enter into 
service: Autumn 1992 or to mutual 
agreement. 

For further information concerning the po¬ 
sition, please write to: 

Secretariat general de TEcole 
Polytechnique Federale de Lausanne 
CE-Ecublens-1015 LAUSANNE, SUISSE 


Circle No. 6 


58 


IEEE SPECTRUM 









































K Visual simulation tool 

by David W. Barrett 



VisSim is a block-diagram-based program¬ 
ming language. It combines an interactive 
graphical user interface with advanced 
mathematical methods of integration to pro¬ 
duce models capable of simulating a broad 
range of physical systems. As a simulation 
platform, VisSim handles static, dynamic, 
linear, nonlinear, continuous, discrete, and 
hybrid systems. In addition, it can be con¬ 
nected to real-time data input and outputs 
(through analog-to-digital and digital-to- 
analog converter boards), creating a 
hardware-in-the-loop system. 

The block diagram is VisSim’s environ¬ 


ment for simulation and it completely 
replaces the lines of code of conventional 
programming languages. The user creates 
a block diagram from the collection of build¬ 
ing blocks supplied. Standard mathematical 
and Boolean functions, integration routines, 
time delays, table lookups, and maps are in¬ 
cluded in the package. 

Because a Imge simulation can easily be¬ 
come crowded and incomprehensible, Vis¬ 
Sim uses multiple-level block diagrams 
(compound blocks) to simplify the structure. 
A compound block may contain numerous 
functions but at the diagram’s next higher 
level it appears as a single block having ap¬ 
propriate inputs and outputs. 

Installing and learning to use the program 
is extremely easy. The manual or the on-line 
help is required only to identify input and 
output locations for the various blocks. Al¬ 
though the VisSim block diagrams are inter¬ 
preted at simulation time, they operate at a 
reasonable speed. An example is a data 
reduction scheme I Avrote using 15 integra¬ 
tors and numerous other mathematical oper¬ 
ations to reduce 9000 time points of data to 
eight plots of two curves each. The entire 
task took 45 seconds on a 486 25-MHz PC. 
I also use the code as a data acquisition tool. 

The VisSim software development kit 
(available separately) lets the user incor¬ 
porate C or Fortran code blocks into the 


block diagram provided they are compiled 
with Microsoft compatible C or Fortran com¬ 
pilers. Contact: Usual Solutions Inc., 487 
Groton Rd., Westford, Mass. 01886; 508- 
392-0100; or circle 102. 

David U Barrett is a principal systems research en¬ 
gineer with United Technologies Research Center, East 
Hartford, Conn. 


COORDINATOR: Cadi Kaplan 


Recent software 

Ontos DB Release 2.2. Allows many 
users to simultaneously access and update 
specific objects in databases. For Sun 4 and 
Sun Sparcstation workstations running on 
Unix. US $25 000 to $150 000, depending 
on number of users and type of server. Con¬ 
tact: Ontos Inc., Three Burlington Woods, 
Burlington, Mass. 01803; 617-272-8101; or 
circle 103. 

Execustat Release 3.0. Includes more 
than 150 analytical and statistical procedures. 
Requires DOS 2.0 or a later version, and 
640K-bit RAM. Network support optional. 
US $375. Contact: Strategy Plus Inc., 5 In¬ 
dependence Way, Princeton, N.J., 08540; 
609-452-1345; or circle 104. 


THE SWISS FEDERAL INSTITUTE 
OF TECHNOLOGY IN LAUSANNE 
UECOLE POLYTECHNIQUE FEDERALE 
DE LAUSANNE 

invites applications for a position of an 

ASSISTANT PROFESSOR IN POWER ELECTRONICS 
for its Oepartment of Electrical Engineering 

Women are particularly welcome. 


Deadline for application: 31 May 1992 
The successful applicant will enter into 
service: Autumn 1992 or to mutual 
agreement. 


For further information concerning the po¬ 
sition, please write to: 

Secretariat general de 1‘Ecole 
Polytechnique Federale de Lausanne 
CE-Ecublens-1015 LAUSANNE, SUISSE 


New Origin™ version 2.0 

Scientific Graphics and Data 
Analysis in Windows 

“I have used SigmaPlot, 
EasyPlot, and several 
others. I would rate 
Origin at the very 
top...This is the best 
scientific software I 
have found...I love 
this producti” 

Di.DipcnN. Stahl 

FEATURES INCLUDE; 



• Many chart types, including line, scatter, column, bar, area, error 
bars, hi-lo-close, spline, step, box, QC charts, and contour. 

• Create charts in multiple WYSIWYG windows with zooming, 
scrolling, and easy double-click editing of all graphic elements. 

• Sophisticated "layer" system makes it easy to put multiple graphs 
on a page. 

• Function plotting, statistics, t-Test, histogram, regression, curve 
fitting to user-defined models, and much more. 

• Superior publication-quality output. Makes beautiful color slides. 

• A powerful scripting language lets you create custom applications. 

Also supports DDE and DLL. $495^90 

$600 overseas 


• Ideal for OEM Applications. 


60 day money back Guarantee 

Call 1-800-969-7720 


FREE demonstration disk available. 

MicroCal, Inc., 22 Industrial Dr. E., Nonliampton, MA 01060 
TEL (413) 586-7720 FAX (413) 586-0149 

Circle No. 18 
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EEs’tods&toy s 


Pngram tells how to 
acgulKtlatalvPC 

A free software tool helps engineers and 
scientists select the hardware, software, and 
accessories needed to build a complete PC- 
based data acquisition system. The tool con- 
figures data acquisition systems for 
PC/XT/AT/EISA, PS/2, and Macintosh 
NuBus computers. 

DAQ Designer, as it is called, asks ques¬ 
tions about system requirements such as 
the type and number of analog and digital 
signals, the type and number of data ac¬ 
quisition sensors, and signal-conditioning 
needs. Then the software analyzes the 
user’s answers and recommends specific 
plug-in data acquisition boards, signal¬ 
conditioning products, cable assemblies, and 
software packages that can be used to 
develop the desired data acquisition system. 
Naturally, the tool recommends only 
products made by National Instruments 
Corp., its maker, but the user can identify 
product types for cross-referencing them 


with other manufacturers’ products. 

Once the user has identified all the sys¬ 
tem parameters and selected products, DAQ 
Designer creates a summary of what is 
needed. The system configuration can be 
saved to disk or printed using spreadsheet 
or word-processing software. 

DAQ Designer requires a computer run¬ 
ning DOS 3.0 or higher with a minimum 
80286 processor, at least 640K of RAM, and 
a VGA monitor. Contact: National Instru¬ 
ments Corp., 6504 Bridge Point Parkway, 
AusHn, Texas 78730-5039; 512-794-0100; in 
the United States and Canada at 800-433- 
3488; telex, 756737NAT INST AUS.; fax, 
512-794-8411; or circle 105. 


COMPUTERS 


Graphs in 3-D 

A revised software package enables its users 
to create three-dimensional graphs. Sig- 
maPlot 5.0 allows graphs to rotate interac¬ 
tively using a sparse matrix representation 
method that lets the user see the graph as 


it is adjusted. Researchers with xy,z data can 
use the “interpolate mesh” command to 
convert their data to a 3-D mesh format. 
Other 3-D options include hidden-line 
removal, filled or unfilled polygons, frame 



Jandel Scientific Inc. ’s SigmaPlot 5.0 gener¬ 
ates 3-D graphs and merges the data from a 
collection of graphs to create a new one. 

lines, and backplanes with color. Labels for 
tick marks and axes can be rotated relative 
to the axis and text labels can be rotated at 
any angle. 




TM A 



DEC® VT100/VT220 
Tektronix® 4105 
Terminal Emulator 

For 80286 and higher PCs with EGA, 
VGA, or super VGA graphics cards 



Only $245 

Scientific Endeavors 


508 North Kentucky St., Kingston, TN 37763 USA 
(615)376-4146 FAX: (615) 376-1571 ^ 

Circle No. 10 


Research Scientist/Engineer 


A$42K - A$65K + SUPERANNUATION 


Applied Ultrasonics 

CSIRO Division of Applied Physics 
Lindfield, NSW, Australia 
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SigmaPlot 5.0 is an upgrade of the 4.1 ver¬ 
sion. Besides adding the 3-D capability, ver¬ 
sion 5.0 contains a file-merging command 
that takes a user-compiled list of SigmaPlot 
graphs and merges all the contents of each 
file onto the page. SigmaPlot 5.0 also re-sizes 
and scales the merged graphs if requested. 
Import options make Sigmtf lot 5.0 compat¬ 
ible with most spreadsheet packages. 

The new software retains complete com¬ 
patibility vdth the earlier DOS version 4.0 
and 4.1 files, as well as with SigmaPlot for 
Macintosh. SigmaHot 5.0 for DOS costs US 
$495. Contact: Jandel Scientific Inc., 2591 
KemerBlvd., San Rafael. Calif. 94901; 800- 
m-1888orin California, call415-453-6700; 
fax. 415-924-2850; or circle 106. 


INSTRUMENTATION 


Hlgh-sample-rate scope 

The four channels of a new portable os¬ 
cilloscope fromHewlett-I^ckard Co. digitize 
simultaneously at one gigasample per sec¬ 
ond each. The high-sample-rate HP 54512B 
is an addition to the HP 54500 family of 
portable digitizing oscilloscopes. It also 
boasts 8-bit vertical resolution, 300-MHz 
repetitive bandwidth, and 8K bits of mem¬ 
ory per channel. 

The key benefit of providing a high sam¬ 


pling rate across all charmels is that the in¬ 
strument’s 150-ps, single-shot timing ac¬ 
curacy is maintained when the user captures 
signals on more than one channel. This 
means that users can achieve higher system 
speeds because critical timing margins such 
as setup and hold times can be verified with 
a higher degree of accuracy than was previ¬ 
ously possible. 

The HP 54512B oscilloscope is priced at 
US $17 990. Contact: Hewlett-Packard Co. 
Inquiries, 19310 Pruneridge Ave., Cuperti¬ 
no, Calif 95014; 800-752-0900; or circle 
107. 


GENERAL INTEREST 


Plng-Poog-playing mbots 

Plans are under way for the First World 
Robot Ping-Pbng contest—Robot ’92—to be 
held in Hong Kong on Sept. 26-27. Each 
contestant must design and build his or her 
own robot and manipulate it with a remote 
control in a game of I^-Pong against a simi¬ 
lar robot. 

The contest is being promoted by the In¬ 
ternational Micromouse Community, a 
group well-known for organizing micro¬ 
mouse contests around the world. In these 
events competitors guide electromechani¬ 
cal mice through a maze. 


The a-mazing mice are still going strong. 
Upcoming micromouse contests will take 
place on July 7 in London at the Institution 
of Electrical Engineers; from Aug. 19 to 20 
in Wellington, New Zealand, during Nelcon 
’92; and from Nov. 9 to 13 in Melbourne, 
Australia, during the IEEE Region 10 
Conference—Tencon. 

For the British contest, contact Kourosh 
Koodabandaloo at Bristol University, Bristol, 
England; for the New Zealand contest, con¬ 
tact Bart Provo, School of Electronic En¬ 
gineering, Central Institute of Technology, 
Trentham, Wellington, New Zealand; and for 
the Australian contest, contact Sharon Smart 
at Macquarie University, School of 
Mathematics, Physics, Computing, and 
Electronics, New South Wales. 

As for the Ping-Pong-playing newcomers, 
the Hong Kong contest organizers of Robot 
’92 have received enough in the way of funds 
to pay for the transportation of approximate¬ 
ly 10 contestants. An application form plus 
a copy of the rules is available to anyone in¬ 
terested in participating. Contact: Robin 
Bradbeer, City Polytechnic of Hong Kong, 
Department of Electronic Engineering, Tat 
Chee Avenue, Kowloon Tong, Hong Kong; 
(852) 788 7199; fax. (852) 788 7791. 


COORDINAIDH: George Likourezos 
CONSULTANT: Paul A.I Wolfgang, Boeing Helicopters 


THE SWISS FEDERAL INSTITUTE 
OF TECHNOLOGY IN LAUSANNE 
UECOLE POLYTECHNIQUE FEDERALE 
DE LAUSANNE 

invites appiications for a position of an 

ASSISTANT PROFESSOR IN COMPUTER SCIENCE 
Communication Systems 
for its Department of Informatics 
(Industrial Computer Engineering Laboratory) 

Apart from recognized teaching and research 
abiiities in the fieid of communication sys¬ 
tems, applicants should have a strong back¬ 
ground in real time systems specification. 
Women are particularly welcome. 

Deadline for application: 31 May 1992 
The successful candidate will enter into ser¬ 
vice: Autumn 1992 or to mutual agreement. 
For further information concerning the po¬ 
sition, please write to: 

Secretariat general de 1‘Ecole 
Ftilytechnique Federale de Lausanne 
CE-Ecublens-1015 LAUSANNE, SUISSE 


NSF/IEEE CENTER ON 
Computer Applications in 
Electromagnetics Education (CAEME) 
Request for Proposals 


In this third round of CAEME funding, available projects that 
complement and enhance the utilization of CAEME software 
are encouraged. Areas of interest include: a) development of 
educational EM software packages that utilize evolving 
technologies such as interactive video and multi-media 
presentation — some of these new developments may utilize 
available CAEME software; b) interactions of electromagnetic 
fields with materials, conduction, polarization, and 
magnetization; c) proposals addressing aspects of computer 
applications in EM laboratories; and ^ innovative procedures 
for effective integration of available CAEME software in the 
undergraduate curriculum. 

Proposals should consist of the following items: a 
description of the project including a statement of the precise 
objectives; explanation of procedure and schedule' a statement 
of how this software complements existing CAEME packages; 
hardware platform and software laMuage; budget (one page). 

Proposals should not exceed 10 pages, and the duration of 
funding may range from 6 to 12 months. A copy of the 
applicant's vita should also be included. 

Selection criteria include: broad and significant impact of 
developed software on electromagnetics education; matching 
funds/release time commitment oy principal investigator^ 
institution; adherence to software and hardware standards set 
by CAEME (IBM PCs and Macintosh); commitment by PI to 
write a chapter in one of CAEME's books and to provide 
CAEME with non-exclusive license for the software. 


Institutions of successful projects will be asked to sign 
letters of agreement which specify tasks, deliverables, and 
time schedules. Deadline for sub 
lay 29, 1992. 

For - ■ 


‘ submitting proposals is 
information, please contact Dr. 


For more information, please contact Dr. 
Magdy F. Iskander, CAEME Director, Department 
of Electrical Engineering, University of Utah, 
Salt Lake City, Utah 84112. Telephone: 801- 

581-6944; Fax No.: 801-581-5281. 
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PROFESSIONAL CONSULTING SERVICES 



I THE CONSULTING GROUP 

Multi-Dispciplined Engineers with P.E./Ph.D. 

• Microwave, RF, Fiber-Optic Systems Design 

• Osciilators, Ampiifiers, Fiiters, Antennas, 
Synthesizer/PLL Design. Microprocessor, 

Communication ckts. industriai Power System. 
R&D, Prototyping & Testing in our Lab faciiities. 
71-25 Austin St., Forest Hills, NY 11375 
Ph. 17181 793-0777 Fax 17181 793-0770 


RAINES ELECTROMAGNETICS 
Consulting Since 1972 

• Antennas and Arrays 

• Scattering and Radar Cross Sections 

• Radhaz & Environmentai impact 

• Simuiations of Fieids & Phenomena 


CONTROL SYSTEM CONSULTING 

• Servo design, high performance motion 
controi, synthesis, system performance, 
simulation, specs, integration, testing 

• Eiectricai, mechanical, hydraulic 

• Defense, aerospace; industrial experience 

30 East Gate Road A.R. Hazelton 

Dantxiry, Conn. 06811 (203) 743-7002 



Infolytica Corp. (514) 849-8752 

Expert electromagnetics design & analysis 
using MagNet 2D and 3D FEA software. 

• motors • magnetizing fixtures 

• transformers • recording heads 

• actuators • /VMS applications 

• levitators • magnetic bearings 


LEONARD R. KAHN, P.E. 

Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception - Stereophonic Systems 
Modulation Systems 

Registered Patent Agent 

222 Westbury Ave. 

Carle Place, NY 11514 

516-222-2221 




International Compliance Corporation 

Design, Test, & Consulting 

• FCC Certification/Verification 

• VDE, CISPR, VCCI (Japan) 

• “1992” European Compliance Testing 

• Product Safety: UL, CSA, lEC, VDE 

• Electrostatic Discharge (ESD) 

• MIL-STD 461/462, NARTE-Certified Engineers 

1911 E. Jeter Rd (817) 491-3696 

Argyle, TX 76226-9401 FAX: (817)-491-3699 




INTEGRATED OPTICAL CIRCUIT CONSULTANTS 

Consulting, Contract R&D, and Prototyping 
Integrated, Fiber, and Guided-Wave Optics 
• Applications Engineering 
• Design, Fabrication and Evaluation 
• Critical Analysis of Technology 
• Troubleshooting 
• Marketing 

R.A. Becker, D. Sc. 

President 10482 Chisholm Ave. 

(408) 446-9812 Cupertino, CA 95014 



T TCnU 1 DEAN ST./BOX 151 

CUriTM HUDSON, MASS. 

VOICE: (508) 562 5820 FAX; (508) 568 1219 

RF (TO 2 GHz), ANALOG, VIDEO, 

FIBER OPTICS, PLUS, SYNTHESIZERS, 
FILTERS, A/D CONVERSION 

THE MOST TIMELY, COST EFFECTIVE, 

AND HIGHEST PERFORMANCE SOLUTION. 



Patent Attorney 

Robert E. Malm, Ph.D. (M.I.T.) 

Attorney At Law 

Post Office Box 522 

Pacific Palisades, CA 90272 

Tel: (310) 459-8728 

Fax: (310) 573-1781 



SOFTWARE ENGINEERING 

• Real-Time Systems Analysis and Design 

• Software Engineering IVaining 

(Call for Offerings) 

• CASE TVaining and Implementation 

• Consulting Services 

• Product Development 

Carl A. Argila, Ph.D., Inc. 

SOFTWARE ENGINEERING CONSULTANT 
800-347-6903 




1 ELECTROMAGNETIC DESIGN ANALYSIS | 


Consultancy by world leaders in 3D electremagnetic 
cemputatien using PE2D, OPERA, TOSCA and ELEKTRA 

• electrical machines • MRI scanners 

• recording heads • magnetic casting 

• actuators • scientific apparatus 

• transformers • NDT equipment 

• loudspeakers • accelerator magnets 

VECTOR FIELDS 


CONSULTING & PROTOTYPES 

ELECTRIC MOTORS 

BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 


MAGNA PHYSICS CORP. 
100 Homestad Ave. 

P.O. Box 78 

HILLSBORO, OH 45133 


JAMES R. HENDERSHOT 
TEL: 513-393-9835 
513-393-3810 
FAX: 513-393-9836 


INTEGRATED CIRCUIT DESIGN CONSULTING 

Providing integrated circuit design and analysis 
consulting services with gate arrays, cell libraries, or 
full custom in digital, analog, cmos, bipolar or eel 
technologies and support services such as modeling, 
layout, verification, software, testing, debugging, 
documentation, and reverse engineering. 

1556 Halford Ave, Ste 310 Santa Clara, CA 95051 
(408) 243-7422 


O.E.M. Electronic Products 

• 13 Year Product Development History 

• Custom, RF/Digital ASICs • RF Systems 

• Computerized Insirumentauon 

• Spread Spectrum Communications 

• Hitachi Authorized Design Center 


LocUS, Incorporated 

1842 Hoffman St„ Madison, WI 53704 
608/244-0500 FAX 608/244-0528 


Princeton Electro-Technology, Inc. 

PERMANENT MAGNETS 

MATERIALS, DEVICES & APPLICATIONS 

CONSULTING, DESIGN, PROTOTYPES, MARKETING 
Peter Campbell, Ph.D., President 
2449 Patricia Avenue Tel: (310) 287-0375 

Los Angeles, CA 90064 Fax: (310) 287-0378 


[industrial controls I 

CUSTOM MICROPROCESSOR CONTROLS 

• Machine Tool Controls • Consumer Product Design 

• Process^ Controls • jnstrumenUJejign 


W' 

rr( 80 ( 


Wintriss Engineering Corporation 
4715 Viewridge, San Diego 92123 
(800) 733-8089 Vic Wintriss, MSEE 


OSI MAP GOSIP 

• Education & Newsletters 

• Market & Product Planning 

• DIM Plans, Design & Integration 
SHIP STAR Associates 

Bob Crowder, President 

36 Woodhill Dr., #19 Newark, DE 19711 

Tel:302-738-7782, FAX:302-738-0855 

802 FIELDBUS MMS 


Make It in Hong Kong piease contact: 

• High Performance/Cost Marketing oept. 


• Precious Service 

• Excelled Track Record 


4111-15, H.K. Plaza, 
369 Das Voexu Rd, W, 


Micro_Research ce.. Ltd. 


(Elactranic praduct and 
Custom IC developgr) 


Hong Kong 
Fax: (852) 858-2693 
Tel: (852) 559-3031 
Telex: 74773 MICOR HX 
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CONSULTING SERVICES 


CALS 


Computer-aided Acquisition & logistic Support 

Consulting services to help you understand and respond to 
CALS requliements. 

CALS Standards and CITIS wpertise to assist you with: 

■ Responding to CALS requirements • Planning ^ur 
CALS environment • Identifying CALS-compliant 
products • Educating your leaders and staff 
Member of CALS Industiy Steering Groig committee for Acquisition Strategy 
Pamela J. Case Case Consuling Services 301-261-3805 


COMMUNICATIONS & SIGNAL PROCESSING 

Modulation, Error Control, Synchronization 
Cryptography, Control, Compression 
Equalizers, Cancellers, Channel Models 
Satellite, Mobile, Wireline 

Voice, Audio, Video 


ELECTRONIC AND SOFTWARE DESIGN 
Top Notch Engineering Firm is experienced in: 

• Electro-Chemistry • Electro-Optics 

• Electro-Mechanical • Software Development 

Software, Hardware, Systems 

M Yf CI n n Sk Laplace (Xiurt, Suite 220 

P y ® > y ■ > «■ Carlsbad, California 92008 

Inc. 619 481 8310 


• System Design & Analysis • Feasibility Studies 

• Customized Thst Equipment • Fast Tbrn Prototypes 

ELITE ENGINEERING CORF. (805)494-1033 
741 Ukefield Road, Suite C, Westlake Village, CA 91361 


ELECTRICAL SYSTEM SERVICES 

• Electric Power System Consulting 

• Short Circuit & Coordination Studies 

• Failure Analysis 

• Nuclear Equipment Qualification 

KEMA-PDwertest 
4379 County Line Road 
Chalfont, PA 18914 

(215) 822-4270 FAX (215) 822-4271 


DIVERSIFIED SOFTWARE CONSULTANTS 

• Specializing in UNIX'^ systems 

• 12 years' expert service to Government, 
industry, academe 

• Custom software development of all kinds 

• Studies, analyses, high-tech graphic 
Illustration 

B. D. Wilner, College Park, MD (301) 345-8890 

UNIX is a trademark of AT8.T 


Patent Attorney 

Electronics - Signal Processing 

I. lonescu, MSEE, PE, JD 
Patent Office Reg tt 33185 
203-381-9400 (fax/voice) 

Box 697, Stratford, CT 06497 


RF / MICROWAVE / FIBER OPTICS 

Design, Development, Manufacturing 

• Oscillators, Amplifiers, Passive Circuits 

• Transmitters, Receivers & associated devices 

• Characterization of all components & devices 

• Analog & Digital Circuit Engineering 

• PCB design & fabrication 

RFCIrcults, The Serenics Co., Inc. Michael Belaga (215) 675-8003 
333 Bybeoy Road Ted Johnson (215) 997-2332 

‘ ‘-"“0, PA 19040 (FAX) (215) 957-1218 


Softology Inc. 

Software Solutions to Software Problems 
Structured Analysis and Design 
Software Testing 
C/UNIX/Sun 
DAVID OSOFSKY 
P.O. Box 132 
Spencerport, NY 14559 
(716) 352-4250 


Graphical User Interface, GUI 

Consulting & Contracting 

• converting an existing text-mode, DOS program Into Iconic, 
graphical, mouse-driven, and window user interface • par¬ 
ticipating in the product development to design & implement 
the GUI front end • designing a GUI, such as instrument 
control panel, data acquisition, plant control, process control 
panel,... and so on. 

(510) 770-1344 TAO Research Corporation 


BOARD OF DIRECTORS HEADQUARTERS STAFF PUBLICATIONS BOARD 


Merrill W. Buckley Jr., President 
Martha Sloan, President-Elect 
Theodore W. Hissey Jr., Treasurer 
Karsten E. Drangeid, Secretary 
Eric E. Sumner, Past President 
Eric Herz, Executive Director 

I Vice Presidents 

Edward A. Parrish, Educational Activities 
Arvid G. Larson, Professional Activities 
James T. Cain, Publication Activities 
Luis T. Gandia, Regional Activities 
Marco W. Migliaro, Standards Activities 
Fernando Aldana, Technical Activities 


I DIviston Directors 


Kenneth R. Laker (/) V. Thomas Rhyne (VI) 

Lloyd A. Morley (II) Robert A. Dent (VII) 

Frederick T. Andrews (III) Helen M. Wood (VIII) 
Martin V. Schneider (IV) Jan Brown (IX) 

Vincent Poor (X) 


Bill D. Carroll (V) 


I Region Directors 

Joel B. Snyder (1) Jerry C. Aukland (6) 

CharlesK. Alexander Jr. (2) Vijay K. BhargavafT) 
David A. Conner (3) Kurt R. Richter (8) 

Howard L. Wolfman (4) Eduardo Arriola (9) 
James V. Leonard (5) _ Souguil J.M. Ann (10) 

Donald G. Fink, Director Emeritus 


] 


Eric Herz, General Manager 

I Associate Ganaral Managers | 

Thomas W. Bartlett, Finance and 
Administration 
William D. Crawley, Programs 
John H. Powers, Volunteer Services 

I Staff Directors | 

Donald Christiansen, IEEE Spectrum 
Irving Engelson, Technical Activities 
Leo C. Fanning, Professional Activities 
William Habingreither, Customer Service 
Phyllis Hall, Publishing Services 
Melvin I. Olken, Field Services 
Andrew G. Salem, Standards 
RudoUA.StampU,Educational Activities 

I Staff Sacretarles | 

Awards: Maureen Quinn 

Board of Directors: Mercy Kowaiczyk 

Educar/ona/Act/v/f/es.'RudolfA.Stampfl 

Regional Activities: Melvin I. Olken 

Publishing: Phyllis Hall 

Standards Activities: Andrew G. Salem 

Technical Activities: Irving Engelson 

United States Activities: Leo Fanning 

For more information on Staff Secretaries 

to IEEE Committees, please communicate 

with the IEEE General Manager. 


James T. Cain, Chairman 
Lloyd A. Morley, Vice Chairman 
Phyllis Hall, Staff Secretary' 

Charles K. Alexander, Donald 
Christiansen* * SaJ]ad H. Durrani, Irving 
Engelson, Randall L. Geiger, Leo Grigsby, 
Abraham H. Haddad, Ronald G. 

Hoelzeman, Tatsuo Itoh, Ted Lewis, Donald 
R. Mack, William Perkins, G.R Rodrigue, 
Daniel Rosich, Allan C. Schell, Leonard 
Shaw, Sol Triebwasser, Robert B. Voller, 
Stephen B. Weinstein, Ronald D. Williams 
'Ex officio 


I Publishing Services 




Phyllis Hall, Staff Director 
Jim Ashling, Electronic Publishing Products 
Director 

Patricia Walker, Magazines Director 
Ann H. Burgmeyer, Gail S. Ferenc, Managers, 
Transactions 

W. Reed Crone, Managing Editor, Proc. IEEE 
William Hagen, Administrator, Copyrights 
and Trademarks 

Dudley Kay, Managing Editor, IEEE Press 
Lewis Moore, Business Manager 
Adam D. Philippidis, Manager, 

Indexing and Abstracting 
Eileen Wilson, Manager, Special Publications 
and Publishing Operations 


Editorial Offices: New York City 212-705-7555 San Francisco 415-282-3608 Washington, DC 202-544-3790 


EDITORIAL CORRESPONDENCE. IEEE Spectrum, 345 
East 47th St., New York, N.Y. 10017, Attn: Editorial Dept. 
Responsibility for the substance of articles published rests upon 
the authors, not the IEEE or its members. Letters to the editor 
may be excerpted for publication. 

REPRINT PERMISSION. Libraries: Articles may be photo¬ 
copied for private use of patrons. A per-copy fee (indicated 
after the code appearing at the bottom of the first page of 
each article) must be paid to the Copyri^t Clearance Center, 
29 Congress St., Salem, Mass. 01970. Instructors: Isolated ar- 


without fee. Other copying or republicatiorv Contact: Editor, 
IEEE Spectrum. 

ADVERTISING CORRESPONDENCE. IEEE Spectrum, 345 
East 47th St., New York, N.Y. 10017, Attn: Advertising Dept., 
212-705-7760. Also see Advertising Sales Offices Usting on last 

COPYRIGHTS AND TRADEMARKS. IEEE Spectrum is a 
registered trademark owned by The Institute of Electrical and 
Electronics Engineers, Inc. EEs’ Ibols & toys. Faults & failures, 
Innovations, Legal aspects, Managing technology, Newslog, 
Program notes, Reflections, Speakout, Spectral lines, Spinoffs, 


Technically speaking. The engineer at large, and Whatever hap¬ 
pened to? are trademarks of the IEEE. 

GENERAL INQUIRIES: 1-BOO-67B-IEEE; Headquarters: 
345 East 47th St., New York, N.Y. 10017, 212-705-7900. 
7e/. extensions at headquarters: General Manager, 7910; 

locations: Regional Activities, Section Services, Educational 
Activities, 908-981-0060, or write to IEEE Service Center, Box 
1331. Piscataway, N.J. 08855; Membership Services. 
908-981-0060; .Professional Services, 202-785-0017; Tfechnical 
Activities, 908-562-3900. 
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Scanning 

The Institute _ 

Quality teams imprwe 
member semces 

IEEE members and customers should start 
seeing a more responsive IEEE because of 
the Institute’s adoption of the Total Quality 
Management (TQM) approach to its oper¬ 
ations. 

As a result, orders are being processed 
faster (on the average of three and one-half 
days after they are input to the system), the 
reject rate for processing payments for items 
like periodica] subscriptions and member¬ 
ship renewals has been reduced, and the ef¬ 
ficiency in crediting accounts has been in¬ 
creased. 

In addition, a Customer Service Center 
was launched in February. Among the 
center’s goals is to provide customers with 
‘ ‘one-stop shopping. ’ ’ Now being set up, this 
service will allow customers or members to 
find out about things like membership, or¬ 
ders, and accounts receivable with just one 
phone call to a service representative. 

Already produced is an inventory of the 
IEEE’s many products and services. In the 
works is a new telephone directory for the 
Institute with listings based on who does 
what and what’s done where; it includes a 
generic section indexed by function. Train¬ 
ing programs to alert customer service 
representatives to marketing and product in¬ 
formation are also under way. 

1C R&D pmposal 

The National Advisory Committee on Semi¬ 
conductors (NACS) recommended the un¬ 
dertaking of a cooperative R&D program to 
provide U.S. industry with 0.12-;tm IC tech¬ 
nology by the start of the 21st century. 

The recommendation, called Micro 'Tech 
2000, was proposed by a NACS task force 
of 90 U.S. semiconductor industry experts 
who called for R&D on several lithography 
alternatives, large wafers, advanced metrol¬ 
ogy, multilayer structures, new materials, 
computer simulation, and computer- 
integrated manufacturing. 

The task force also proposed that IG-bit 
static RAMs be developed by the year 2000, 
three years sooner than would be expected. 

The recommendations are now being con¬ 
sidered by the Semiconductor Industry As¬ 
sociation (SIA), San Jose, Calif., which 
represents U.S. chip m^ers to the Govern¬ 
ment and the public. SIA was asked by NAS 
to take over responsibility for the plan, al¬ 
though NACS made no stipulations as to how 
it should be funded and organized. 

Help lor lob-seekers 

A new service has been implemented by 
IEEE United States Activities that may help 


job-hunters locate new positions. The ser¬ 
vice, called Peer II (for Professional En¬ 
gineering Employment Registry II), suc¬ 
ceeds the original Peer program, from which 
the IEEE withdrew last year. 

Peer II is an electronic database that helps 
match job-seekers with companies needing 
workers. Each week the service scans and 
reports on job opportunities printed in clas¬ 
sified advertisements in the news media of 
some 80 U.S. cities. It also taps into job 
openings made known at job fairs. 

Because Peer I relied on company fund¬ 
ing, monies dwindled as unemployment 
rose; with would-be workers knocking on 
their doors, employers no longer needed to 
pay Peer to find employees. In the new 
scheme, IEEE members who use the ser¬ 
vice will pay a nominal fee. Contact: Mami 
Clark-Ivey, lEEE-USA, 1828L St., N.W., 
Suite 1202, Washington, D.C. 20036; 
202-785-0017. 


Coming 

in Spearum 


WORKFORCE DIVERSITY. Most engineers en¬ 
tering the U.S. workforce in the next few de¬ 
cades will belong to minorities. So employ¬ 
ers must be prepared to help the 
foreign-bom adjust to U.S. corporate life, to 
assure women engineers of an upward ca¬ 
reer path, and to understand other groups’ 
cultural orientations. 

X-RAY OPTICS. X-ray lithography may employ 
low-power laboratory equipment as an X-ray 
source in combination with newly developed 
optical systems that bend and collimate 
X-rays. 


ELECTR0MA6NETIC RAILGUN. This develop¬ 
mental weapon utilizes the force that elec¬ 
tric currents exercise on each other. Its 
power supply must deliver an electric pulse 
of tens of millions of joules in milliseconds. 

WHAT CASE CAN DO. An expert on computer- 
aided software engineering (CASE) tools ex¬ 
plains the prerequisites for success, likely 
benefits, and future prospects. 

SOLID GROUND. Utilities are becoming expert 
on how state-of-the art computer and net¬ 
work electronics sometimes cause power- 
related failures. But steps can be taken by 
utilities’ customers to prevent such prob¬ 
lems in their facilities. 


CARD-CARRYING DESIGNS. Flat, credit-card¬ 
sized modules for memory and peripheral 
functions are revolutionizing the desi^ of 
notebook computers and augur an entirely 
new generation of portable equipment. 

























Momentum 
Unlocks Integrated 
DSP Solutions 


Get Your Key For Unlocking 
Powerful Easy-To-use 
DSP Systems 



Presenting the products from 

Momentum Data , 

QEDesign'" gives you the key to designing the most basic to the 



most complex digital filters that you'll ever need. 

DSPworks" helps you unlock DSP solutions with its real-time data 
acquisition and signal processing. 

Momentum Code Generators lock up your winning edge. Designed 
to create highly optimized assembly language programs with QEDesign. 
Momentum products save you time and money with their menu-driven 
and easy-to-use solutions. No long learning curve or complex 
commands to memorize. 


Momentum is dedicated to serving its customers by 


unlocking integrated DSP solutions. Whether its software 
aniy, or a combination of both hardware and software, ^ 

Momentum has the key. ■“ VI 

Momentum has software and hardware products available on -. » V 
SUN SPARCstations, Macintosh, PC's and Windows 3.0, and % M 

offers complete sales, service, training and consulting services. - ^ 

Use the Momentum Key to unlock the best DSP solutions available 


from one company. Call today for a complete demo kit. 

714 - 557-6884 



MOMENTUM 

DATA SYSTEMS^ 


1520 Nutmeg Place, Suite 108, Costa Mesa, CA 92626, U.S.A. 

Ph (714) 557-6884 Fax (714)557-6969 

Australia: SPA (Ply) ltd. Tel: (3) 729-0995, Fex (3) 720-4298; Denmark: Assentoft Eletlronits, Tel 86 16 29 26, Fox 86 16 20 12; France: Excem, Tel (I) 47 52 13 44, Fox (1) 47 77 03 43; 
Germony: Electronic Tools, Tel (2102) 88010, Fox (2102) 880123; India: SIgnlon Systems, Tel (842) 38085; Italy: CAD llolio Sri, Tel (21 617 2521, Fox (2) 612 0003 
Switzerland: IDK, Tel (56) 27 27 77, Fox (56) 27 27 59; United Kingdom: Loughborough Sound Imoges Ltd., Tel (0509) 231843, Fox (0509) 262433;SSE Morketing, Tel (71) 387-1262, 
Fox (71) 388-0339. Product nomes ore trodemorked to their respective companies. 
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The Standard Worldwide — . 

adopted by thousands of scientists and 
engineers for data analysis and graphics. 

Just Point-and-Click... 

DADiSP works the way you do — from input to output. DADiSP’s 
point-and-click menus put you in control: from Data Collection, 
Reduction and Management, through Visual Data Analysis and 
Hypothesis Testing, on to final output with DADiSP’s outstand¬ 
ing Presentation Quality Graphics. 

DADiSP is currently in use in engineering, laboratory data 
collection, matrix processing, manufacturing, science, signal pro¬ 
cessing, chemical and mechanical applications in automotive, 
aerospace, defense, medical, and other industries. 


CALL 

1 - 800 - 777-5151 

for your free DADiSP Trial Kit. DADiSP is available for 
SUN, HP, IBM, NeXT, DEC, Concurrent, and Silicon 
Graphics workstations, and of course, IBM PC compatibles. 


DADiSP 3.0 




































